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By the simple little trick of tearing off this perforated cover 


the last of your associates has seen this issue this publication a 


sumes its new name, ELECTRO-TECHNOLOGY. 
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In all other respects definition of field covered, editorial plan and 
content, qualification of readers, frequency of issue the publication 


continues the same as that which for thirty-two vears reached the field 


inder the name of ELECTRICAL MANUFACTURING 


As explained in the statement on page 93 of this issue, ELECTRO-TECH- 


NOLOGY is concentrated at the design-engineering level in the electrical- 
electronic field. Hence the subtitle: The Design Maga eof El 


7 , . . 
Electronie science and Engineering 


ney Ou preci ‘ 


Readers of ELECTRO-TECHNOLOGY are qualified according 
definition of the design-engineering activity. For this purpose, prime 


functions of the design-engineering activity are considered to be: 


Product or Svstems ing eering 


Research & Development 
Materials Test & Evaluation Standards & Specification 
Components Test & Evaluation Product Test & Evaluation 


Fully-qualified individuals accepted according to this standard 


receive ELECTRO-TECHNOLOGY without subscription cost 


Since the introduction of our current publishing plan Principles 


Practice in 1959, a monthly stream of letters from readers 
The rapport thus set up with 


and 
and applicants has endorsed each issue 
sensitive 


readers has been an invaluable guide to the editors and a 


barometer of reader needs for the publisher 


ELECTRO-TECHNOLOGY, with its now sharper clarity of definition, will 


continue, to be dedicated to its job as a medium of technical communi 


cation in this technological age. 


Please do not tear off this cover until this issue has completed its route. 
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FROM INDUSTRY'S BROADEST LINE OF SEMICONDUCTORS 


1NS914 and 1N916 : 
DIFFUSED MESA i 
DIODE 
RECOVERY TIME 
| 
4 “A BUTT WELD FOR 
: “4 RUGGEDIZED 
: PACKAGE, 
' ; POWER 
/ DISSIPATION 
U AND IMPROVED 
HERMETIC SEAL 


Taran HC 


with .004 usec recovery, 
low Capacitance 


SPECIFICATIONS 
Transitron’s new 1N914 and 1N916 diffused silicon 
mesa diodes have fast recovery times and low capaci- 
tance ideal for computer circuits. And their “‘ Hour- 
Glass”’ construction provides rugged, shock-resistant 
10 10 mAdc 


characteristics meeting environmental requirements 
of MIL-S-19500B 


100 100 volts 


025 025 »-Ad« 


NEW METAL PLUG PACKAGE ... engineered MAXIMUM RATINGS 
for strain relief at both ends prevents cracking of 
glass-to-metal seals for 4 times greater strength in 
pull test, greatly increased bend resistance . . . gives 
added power handling ability. 
Write for Bulletin No. TE-1350G 


‘Trangitron 
electronic corporation 


wakefield, melrose, boston, mass. 
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PRODUCT INFORMATION 


In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 


By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 


How "“é Minimizes Electric Moror No/se / 


bination that results in the quietest motor 
operation. That’s why you'll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 


If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 
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proved reliability you can build around 
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Hiperco” magnetic alloy ¢ Highest satura- 


tion density of any known commercial alloy @ Highest Curie 
point @ Size: weight design advantages @ Composition... twenty- 
seven cobalt @ Available in most forms (also castings) @ Thirty- 
five and fifty cobalt can be furnished 

Electrical and electronic equipment for aircraft and missiles 
being your particular forte, you’ll find the application possi- 
bilities of this alloy fascinating. 

Write or wire: Westinghouse Electric Corporation, Metals 
Plant, Blairsville, Pa. 
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~ How to | keep ach 3 a 


On COUISE... 


A CHALLENGE TO EXCITE ANY ELECTRONICS ENGINEER 
WORTH HIS SALT... THE KIND RYAN NEEDS RIGHT NOW 


Present navigational techniques are not fast enough 
nor accurate enough to navigate jet transports hur- 
tling passengers across the world at three times the 
speed of sound. 


Yet Ryan Electronics, geared to the future, has al- 
ready conceived such flight instrumentation control, 
combining Ryan-pioneered C-W doppler techniques 
with advanced inertial methods. This is another rea- 
son Ryan is the largest electronics firm in San Diego 

and the fastest growing! If you are an electronics 
engineer ambitious to help advance the art, as well 
as your own career, we want you right now at Ryan 
Electronics. 


irfi 


iners 


Ryan Electronics employs over 2000 people and has 
over one-third of the company’s $149-million back- 
log of business. Under the leadership of some of 
America’s most prominent scientists and engineers, 
Ryan is probing beyond the known . . . seeking solu- 
tions to vital problems of space navigation. 


Expanding facilities of Ryan Electronics at San 
Diego and Torrance in Southern California are 
among the most modern in the West. You enjoy 
living that’s envied everywhere, plus facilities for 
advanced study. Send your resume or write for 
brochure today: Ryan Electronics, Dept. 2, 5650 
Kearny Mesa Road, San Diego 11, Calif. 


DIVISION OF RYAN AERONAUTICAL COMPANY RY N ECT RONICS 
SAN DIEGO & TORRANCE + CALIFORNIA A EL 
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Coppanenty, Electrical ‘Electronic 


Your Classification: 
miconductor Devices 


Semiconductor Electronics 
1 — Solid-State Physics 


The first article in a six-part series dealing with the theory 
and application of junction diodes and transistors. Covered in 
this part are the atomic theory and crystal structure of mate 
rials. Subsequent articles will describe the theory of operation 
of junction diodes and transistors, transistor network analysis, 
amplifier design and switching operations. 


A. A. Sorensen, Space Technology Laboratories, In . Los 
Angeles, Calif. 


Electro-Technology 1960 October p 95 5 pp 


Science and Engineering 


Your Classification: 
Mathematics 


% Number—the Language of 
Engineering 


The theory of numbers is concerned with the properties of 
integers. The modern engineer uses the theory of numbers 
—often without calling it by this name—for a wide range of 
problems, such as the use of the sawtooth function to syn 
thesize all types of discontinuous waveforms, the partition 
function for circuit configurations, the representation of an 
integer as a sum of squares, et 


N. P. Salz, Cornell Aeronautical Laboratories, Buffalo, New 
York 


Electro-Technology 1960 October p 127 16 pp 


Computing Machines 


' Your Classification 
Digital 


% Digital Computing Machines 


The principles of digital computation are outlined. The funda 
mental functional components of digital computing machines 
are described, and the principles of operation explained. Ap 
plications for design engineers are cited. Glossary of term 
inology. Tabulation of world-wide survey conducted by Exec 
TRO-TECHNOLOCY presents the essential characteristics of all 
machines in production or in advanced stages of develop 
ment. 


Alice Mary Hilton, Associate Editor, Evectrro-Tecunoiocy 


Electro-Technology 1960 October p 163 23 pp 


in this issue 


Science and Engineering ‘Your Clessificetion: 


Mathematics 


% Modular Flow Graphs for 
Network Analysis 


Résumé of flow-graph principles. Rules for manipulation. Deh- 
nition and description of basic modules for simple two-port 
networks. Modular concept expanded to include flow graphs 
representing three-terminal devices used as modules to con- 
struct more complex flow graphs. Complex flow graphs reduced 
to obtain, again, simple basic modules. 


F. N. Fitting, Advanced Technology Laboratories, Mountain 
View, Calif 


Electro-Technology 1960 October p 100 9 pp 


Components, Electrical Electronic 
Transducers 
Control 


Theory 


Rate Gyros 


An analysis, from the servo application standpoint, of the 
particular type of gyro which is used to measure rate of turn. 
Spring-restrained and electrically restrained rate gyron are 
defined and described and their transfer functions derived. 
Methods of testing to determine specific values of constant 
characteristics are given 


P. P. Fischer, Westinghouse Electric Corp. Baltimore, Md 


1960 October p 143 6 pp 
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Materials, Electrical Electronic Your Classiticetion: 


Electrical Insulation and Dielectrics 


Properties of Polyester-Resin, 
Glass-Fiber Banding Rings 


Resin-bonded glass fibers are replacing steel wire as banding 
structures in rotating electrical equipment. Dimensional 
changes in both bar and band structures during the polyester 
resin cure have been measured and found to be very small 
Flexural and tensile moduli, tensile strength and the effect of 
thermal aging were determined for four available construc 
tions, assembled in a procedure similar to that used in a 
production operation. 


M. M. Felger, General Electric Co., Ft. Wayne, Indiana 


1960 October p 186 2 pp 
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e Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


W Reprints available—see pages 224 and 230 
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For your copy of the ELECTRICAL MANUFACTURING Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Materials, Mechanical Structural Your Classification: 


Metals 
Materials, Electrical Electronic 
Contact Moteriols 


The Design Characteristics of 
Molybdenum 


An engineering guide to the possibilities of molybdenum and 
its alloys in design. Those properties of interest are explored 
and related to design parameters. Included are certain limnite- 
tions of the metal under specific conditions. Applications in 
engineering design are illustrated in the text and supported 
by tables and charts 


N. R. Gardner, Nuclear Metals, Inc., Concord, Mass. 
1960 October p 109 7 pp 


Electro-Technology 


Materials, Electrica! Electronic 
flectrical insulotion and Dielectrics 


Your Classification: 


Application of Electrical Insulation 
By the Fluidized-Bed Process 


A cohesive study of a new process for applying electrical in 
sulation to electrical and electronic components and equip 
ments. The new fluidized-bed process is explored through its 
relationship to parameters of design engineering and economics 
Practical applications for the process in new designs ar: 
developed. The text is supported by charts and graphs. 


Lee, Armstrong Products Co. Warsaw, Indiana 


Electro-Technology 1960 October p 149 5 pp 


Computer Your Classification 
a 

Contro 
Systems 


The Use of Variable Fiducial 
States in Logic Design 


With inverting forms of switching circuits, the fact that the 
fiducial state of the circuit can be varied can be exploited by 


the logic circuit designer. Typical circuits to demonstrate the 
principle are shown 


Paul Kintner, Airborne Instruments Laboratory, Melville, L. 1. 


N. ¥ 


Electro-Technology 1960 October p 194 2 pp. 
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Control Your Classification: 
Theory 


Adaptive Control Systems — A Survey 


This article classifies and categorizes the various developments 
of the last few years in adaptive-control-system philosophy. 
Essential features are described and a guide to existing litera- 
ture is provided. 


R. A. Mathias and R. I. Van Nice, Westinghouse Electric 
Corp., Cheswick, Pa 


Electro-Technology 1960 October p 116 10 pp 


Materials, Electrical Electronic 
Magnetic Materials 

Components, Electrical Electronic 
Magnetic Components 


*% Analytical Methods for 
Permanent-Magnet Design — 2 


Your Classification: 


In this, the second half of the article on permanent-magnet 
design, the common and important form of magnet structure 
in which the poles are in close proximity is considered. De- 
sign methods and the electrical network analog technique 
are presented, with examples of magnet design. 


R. J. Parker, General Electric Co., Edmore, Michigan. 


Electro-Technology 1960 October p 154 10 pp 


COMING UP... 


Subject of the Science & Engineering feature in November 
(23rd in the Series) will be Electrical Noise. Also jin this 
issue: Part 2 in the series on Semiconductor Electronics— 
Junction Diodes. Plus: Torque Motors, Static Frequency 
Multipliers, Functional Aging of Mylar, Solid Lubricants, 
a comprehensive treatment of Radar Fundamentals, Wide- 
Band Recording, Machine Tool Control Systems (a re- 
port on the 1960 Machine Tool Exposition), and a new cogni- 


tive system—-The Perceptron. 
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There’s nothing better than NJW’s new ; eee 


VARSIL SR1050 for rugged Class H applica- 
tions! It’s the best bonding tape of silicone rub- 
ber on glass cloth...The exceptionally tight 
bond and good flow of rubber means no voids — 


maximum dielectric strength. 
BOND STRENGTH vs SHELF LIFE 
SILICONE RUBBER COATED DACRON- 


ALSO AVAILABLE — VARSIL SR1050 on Dacron-giass com- GLASS CLOTH 


bination cloth, with just the necessary stretch for excellent i 
conformity (keeping volts-per-mil-high). Unusual flow of rub- : | Two SIDES COATED 

ber during vulcanization eliminates voids and assures good THICKNESS: 20 MILS 
bonding strength. Outstanding shelf life too, (see chart). Try it Lad SILICONE ‘"“VARSIL” SR 1050 
for that special job which demands the highest quality tape. 


@ Available single or double faced. & Agents in principal cities O sedaiiesilineiiaaiRiteaiig teas 
; 2 ; 


a Complete test data free samples available, on request 40 
DAYS F SHELF LIFE 


NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION + WOODBRIDGE, WN. j. 


VARNISHED CAMBRIC CLOTH AND TAPES © VARNISHED "FIBERGLAS’T CLOTH AND TAPES © VARNIGHED SILK ANO BILK SUB 
STITUTE © SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING © POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
* CABLE WRAPPING TAPES © "VARSIL SILICONE VARNISHEDO FIBERGLASS’? CLOTH AND TAPES © "VARBLOT COMBINATION BLOT 
INSULATION: -RAG PAPER AND VARTEX VARNIGHED CAMBRIC © FISH PAPER AND VARTEX VARNIGHED CAMBRIC © RAG PAPER ANDO 
MYLAR’® POLYESTER FILM © ASBESTOS PAPER AND "MYLAR’* POLYESTER FILM © KRAFT PAPER AND "MYLAR®’* POLYESTER FiLm 
® VARTEX VARNIGHED "FIBERGLASS T AND "MYLAR’® POLYESTER FiLm . SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mylar. DuPont's reg: stered trademark TF ibergias, Owens-Corning Fibergias req: stered trademart 
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RESEARCH Horizons 


Edited by Avex. E. Javitz, Special Features Editor 


Germanium Window Seals 
For infrared Detectors 


A technique for sealing germanium 
window to infrared detectors, making 
possible the fabrication of 
for use in longer wavelength regions, 


detectors 


has been developed by Philco Lansdale 
Division. The development enables de- 
tectors to receive transmission of in- 
frared radiation beyond 25 
Detectors incorporating commonly used 
silicon and sapphire limit 
transmission of infrared radiation to 
about the 9- and 6-micron regions, re- 


microns. 


windows 


spectively. 

In this new glass frit 
mixed with amy] acetate is painted on 
the sealing surface of a germanium 
disk and then fused to another glass 
having a comparable thermal coefficient 
of expansion. The germanium seal has 
shown no sign of leaks at a vacuum of 
10° mm Hg and readily withstands 
thermal shock from ambient 


method, a 


tempera- 
tures to liquid nitrogen and back to 


room temperature 


Improved Dimensionably Stable 
Nylon Molding Compound 


A new fine-crystalline spherulitic nylon 
resin developed by Foster Grant Com 
pany is expected to improve a number 
of properties of nylon molding com 
Among the gains directly due 
better 


molding characteristics and improved 


pounds 
to the erystalline structure are 
dimensional stability. Water absorption 
in a crystalline structure is more uni- 
form than is the case in a conventional 
amorphous nylon; as a consequence, 
warpage and distortion in the finished 
appreciably less. 


molded product are 


The Psychologist 
And Systems Design 


The 


team has undergone a change in per- 


equipment and systems design 


sonnel and personnel responsibilities 
through the vears in the addition of 
the psychologist as an integral part of 
its operation. The psychologist in the 
team is an adviser on human factors, 
being careful not to set himself up as 
human 


a champion of the operator 


against the demands of the machine 


There are many tasks which machines 
can perform better than men and it 
is the 


special responsibility of the 


OCTOBER 1960 


psychologist to recognize the limita- 
tions as well as the positive capabilities 
of the human operator in his relation- 
ship to the machine. 

The “hardware” aspect of the psy- 
chologist’s participation as a member 
of the design team is currently being 
underscored by the close relation of 
the psychologist to systems failure 
studies. In an increasing number of 
organizations, such failures are being 
analyzed on the basis of the human- 
factor parameters of such systems com- 
ponents as controls, displays and con- 


soles. 


Multi-Purpose Fibrous 
High-Temperature Material 


Fibrous potassium titanate, a new 
crystalline fiber material for high- 
temperature applications, has been de- 
veloped by the Du Pont Company 
under the name of “Tipersul”. This 
2200 F, offers low 
great ability to 
radiation, and low 
properties 


material, useful to 
heat conductivity, 
infrared 
density. These and 
make it useful for thermal, acoustical, 
and electrical insulation. Another sig- 
nificant use for the material is in abla- 
tive insulation which absorbs heat and 


scatter 
other 


limits heat penetration, thus protecting 
hardware from high 
tures for brief periods. The new ma- 


also be added as filler to 


space tempera- 
terial 
Teflon 
dimensional stability of finished prod- 


may 
fluorocarbon resins to increase 


ucts, 


Thermal Deterioration of 
Enamelled Magnet Wire 


Mass-spectrometer methods have been 
utilized to obtain quick information on 
the thermal deterioration of enamelled 
Results of polyvinyl 

polyurethane and _ polyester 


wires. tests on 
formal, 
enamelled wire have been reported by 
Y. Saito and T. Hino, both of the 
Tokyo Institute of Technology, in a 
paper presented before the AIEE 
Winter General Meeting in New York, 
January 1960. A sum- 
mary of the results follows: 

l. The 
effectively applied for the purpose of 
evaluating thermal 
enamelled wires near the working tem- 


31-February 5, 
mass spectrometer can be 


deterioration of 


perature. 
2. The thermally decomposed gases 


are CO, CO. and H,O for the most 
part, but a small quantity of formal- 
dehyde (H*CHO) is detected in the 
gases generated from formal wires. 

The mechanisms of thermal deterio- 
ration of the samples have been clari- 
fied to some extent by examining the 
thermally generated gases. 

4. The gas generation substantially 
increases in oxygen atmosphere, and 
so the actual thermal life is shortened 
more in air than in vacuum. 

5. It is shown that the relation be- 
tween log(CO + CO.) and 1/T is 
generally linear, but if a sample is 
heated in oxygen, the line breaks into 
two parts having different activation 
energies. The values are 21 kcal/mol 
in higher temperature and 32 kcal/mol 
in lower temperature. Results show that 
the mechanism of thermal deteriora- 
tion changes with the temperature. 

6. The inclination of the line show- 
ing the relation between log 1/ (CO + 
CO.) and 1/T obtained by the mass- 
spectrometer method coincides with the 
inclination of the line between log (life) 
and 1/T obtained by the actual thermal 
life tests. 

7. Thermal life of the enamelled 
wire may be easily estimated from the 
result obtained by the mass-spectrom- 
eter method. 

8. It is understood from 5 and 6 that 
the relation between log(life) and 1/T 
is not always a straight line. Therefore, 
to determine the thermal life of a ma- 
terial by the accelerating test, the de- 
terioration mechanism must be ex- 
amined prior to the actual thermal life 
test. 


Importance of 
Polymer Science 


As the 1960 ASTM Edgar Marburg 
guest lecturer, Dr. Herman Mark, Di- 
rector of the Polymer Research Insti- 
tute, Polytechnic Institute of Brooklyn, 
New York, recently reiterated the im- 
portance of new polymer development 
to science and engineering. These poly- 
mers are fundamentally important in 
that they force the development of new 
methods for their synthesis and char- 
acterization for the eventual study of 
the origin of natural life. However, 
polymers are also of immediate prac- 
tical interest because they furnish an 
entire spectrum of indispensable ma- 


terials such as films, plastics and 
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Horizons 


elastomers, and coatings and adhesives. 

From the practical point of view, 
the search for new polymers intends 
to improve their mechanical and 
thermal properties, and to extend the 
range of their serviceability. In com- 
parisons of the mechanical properties 
of structural metals, other inorganic 
materials and the most important or- 
ganic and inorgano-organic polymers, 
it can be seen that polymers are, in 
general, very much softer than the 
other materials, although the hardest 
plastics now approach the softest 
metals. This leads to the important 
goal of research to make still harder 
polymers in order to enrich the spec- 


~Research Note 
Surface 


Ir THE sURFACE of the insulating material 
between two printed-circuit conductors is 
clean and dry, and a sufficiently high volt- 
age is applied across them, an electrical 
discharge — flashover — will occur through 
the air between the conductors. In its nor 
mal, relatively dry state, air is almost a 
perfect insulator. It continues to insulate 
well to within a few volts of its breakdown 
voltage; its transition from an insulator to 
a conductor is well defined. The voltage 
stress necessary to accomplish breakdown 
is considerably lower for air than for most 
solid dielectric materials. In contrast with 
solid insulators, air has the property of 
complete recovery of its original insulatmg 
properties after breakdown. 

Air. which is a mixture of several gases, 
is composed of electrically neutral atoms 
and molecules. Normally there is no ap- 
preciable number of free electrons and ions 
available to constitute a flow of current 
Cosmic rays do, however, cause the ioniza 
tion of a few neutral air particles, resulting 


fp 


[ 


Fig. 1 


trum of useful structural materials 
and to produce a substantial over- 
lapping of properties between poly- 
mers and metals. 


Large Single-Crystal 
Refractory Materials 


A new. are-fusion crystal-growing proc- 
ess to grow refractory crystals of 
tungsten, molybdenum, tantalum, co- 
lumbium, vanadium, titanium carbide, 
titanium chloride, columbium carbide, 
molybdenum disilicide, titanium mon- 
oxide and titanium sesquioxide has 
been developed by Linde Company. 
Single crystals are necessary to re- 
search in high-temperature materials 
because of their inherent characteris- 
tics of purity, homogeneity, absence of 
grain boundaries and controlled crys- 
tallographic orientation. 

Available single crystals are listed 
in the accompanying table. 


Flashover Between Printed-Wiring 


in the liberation of widely scattered free 
electrons and positive ions. These few 
charge carriers, under the proper condi 
multiplied by an applied 
voltage into a high-density avalanche of 


tions, can be 


charged particles 

The voltage at which gaseous breakdown 
occurs between two conductors depends 
upon a number of factors. Most important 
are conductor separation, gas pressure, and 
the applied voltage frequency 

Regardless of conditions, the first step 
in every gaseous discharge is the same 
The process begins with the ionization of 
neutral gas atoms or molecules by electron 
impact. Initially, the few free electrons 
available are accelerated by the applied 
voltage to a velocity sufficient to produce 
ionizing collisions with neutral particles 
The increase is quite rapid, since each 
ionizing impact produces an additional elec 
tron which is then available as an ionizing 
particle. This process is called direct or 
accomplish an 


primary ionization. To 


Flashover test specimen and connections. Four parallel printed conductors 


were used, each 1.75 x 0.150 in., separated by three equal gaps. Specimens with gaps 
of 0.050, 0.075 and 0.250-in. width were prepared by conventional etched-foil proce- 
dures from commercial grades of XXXP phenolic, epoxy-glass and Teflon-glass lami- 


nated materials. 


10 


“As Grown” Single Crystals of 
Refractory Materials 


Largest’ Max 
diam imum 
eter, length, 

Materis! in in. 


Tungsten 5 lz 
Molybdenum ; 12 


Vanadium 12 
Columbium 4 12 
Tantalum 

Titanium mcnoride 


Titarium sesqu ioxice 


Titanium carbide 


Compounds 


Molybdenum 
disilicide 


Conductors 


ionizing collision, an electron must have 
a certain minimum velocity, or kinetic 
energy. In an impact with a neutral gas 
atom, some of this energy may be trans 
ferred to the atom, exciting it above its 
normal energy level. If the energy ab 
sorbed is sufficient, one of the more loosely 
bound electrons will be able to overcome 
the internal electrostatic forces of the atom 
and leave its structure 

Primary ionization is the first step in all 
gaseous discharges. Once initiated, however, 
the characteristics of the discharge fall 
into two general categories These depend 


Breakdown 


near atmospheric pressure is characterized 


on the pressure of the gas 


by a luminous filamentary spark. At con 
siderably reduced pressures, the discharge 
consists of a glow diffused over a wide 
area. This varied behavior is attributed 
to two different mechanisms for producing 
subsequent charge carriers after primary 
ionization has begun. One prevails at low 
pressures and is explained by the Townsend 
theory. The other, which is operative at 
higher pressures. is described by the 
Streamer theory.* 

There is an additional phenomenon called 
the statistical time lag which is more or less 
common to both types of gas discharges 
It is of experimental importance. Due to 
the limited availability of free electrons, 
there is a definite time interval between 
the application of the breakdown voltage 
and the appearance of a suitably located 
electron. This interval is appropriately 
called the statistical time lag, since it is 
purely a matter of chance, and there will 
be many different time intervals for re 
peated flashovers of the same gap The time 
lag may vary from practically nothing to 
many seconds, or even minutes 

Statistical time lag is often ignored in 
experimental studies to determine gaseous 
breakdown voltages Many tests of this 


*A detailed exposition of the nature of electric 
breakdown is scheduled for publication nm the 
Science and Engineering secrice in Excectreo Tecn 
NOLOGY 
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type are conducted by increasing the volt- 
age at a constant rate until breakdown 
occurs. Generally, while waiting for the 
appearance of an electron to _ initiate 
primary ionization, the voltage is increased 
above that actually required for flashover. 
The length of the time interval will thus 
cause the apparent breakdown voltage to be 
higher than the true value. These random 
statistics will cause a considerable spread 
in the observed values for repeated flash- 
overs of the same or similar gaps. 

The statistical time lag can be virtually 
eliminated by exposing the electrodes to a 
mildly radioactive source such as cobalt or 
an ultraviolet light of the proper wave- 
length. This radiation will cause the emis- 
sion of electrons from the electrodes which 
will be available for primary ionization at 
the instant the correct breakdown voltage 
is applied. 

Test Sample and Equipment. The actual 
study consisted of observing the 60-cycle 
voltage required for flashover to occur be- 
tween two parallel printed-circuit conduc- 
tors. Figure 1 is a sketch of the test speci- 
men used. Most of the test conductors were 
solder coated, although a few samples with 
bare copper and rhodium-plated conductors 
were used. A cold-cathode ultraviolet lamp 
was mounted vertically upon the sample 
holder, This lamp emitted light at a wave- 
length of 2537 Angstrom units directly upon 
the test patterns. To achieve flashovers at 
reduced pressures, the sample holder was 
covered with a bell jar. Figure 2 is a dia- 
gram of the equipment and circuit used 
throughout the study. The vertical plates 
of the oscilloscope were connec ted across 
a series resistor in the ground side of the 
transformer secondary lines 

The appearance of a voltage across the 
resistor, as indicated on the oscilloscope, 
was used to detect the occurrence of a 
flashover. Even the faintest discharge glow 
was unmistakably apparent with this type 
of detection. The output waveform of the 
circuit was sinusoidal, with no perceptible 
distortion Flashover voltages were meas 
ured with the combination of a vacuum 
tube voltmeter and a voltage divider con- 
nected across the transformer secondary 
line 

Two adjacent printed conductors were 
connected to the secondary leads of the 
high-voltage transformer at the patchboard. 
The voltage was then increased very slowly 


Migh voltoge 
transformer 
All test 
eods 
hermetically 
secied 


Potch boord—e 


SS vaive 


Test equipment used in flashover tests. 


until flashover occurred. The voltage was 
immediately switched off. Connections were 
then changed so that one of the other gaps 
on the test pattern could be broken down. 
Each gap was energized individually and 
flashed only once. Flashovers were obtained 
at various air pressures, from atmospheric 
to Yo of one millimeter of mercury. Sam- 
ples at atmospheric pressure were tested 
both in a dry condition and immediately 
after having been subjected to varying 
lengths of exposure in a humidity chamber 
at 95 F and 90 per cent RH. 

At relatively high pressures, breakdown 
between the printed conductors consisted 
of a streamer discharge. The effect of con- 
ductor spacing upon the voltage required 
for flashover is shown in Fig. 3. Curves are 
plotted for two values of air pressure which 
correspond approximately to sea level and 
10,000 ft altitude. This is roughly the alti- 
tude range over which ground equipment 
is expected to function. 

Air pressure and conductor spacing 
proved to be the only variables investigated 
which affected the flashover voltage. The 
three printed-circuit insulating materials 
had no apparent effect on the value of the 
voltage required to flashover a given con- 
ductor spacing. The dielectric constants of 
these materials ranged from 2.7 to 5.3. For 
the same gap, bare copper conductors 


flashed over at the same value as conduc- 
tors coated with solder or rhodium. Simi- 
larly, there was no noticeable difference 
in the breakdown voltage of dry samples 
and samples which were kept in humidity 
for three months. It should be noted that 
the surfaces of the humidified samples were 
free of condensed moisture. 

All flashovers, whether on dry or humidi- 
fied samples, occurred through the air, 
although the heat and chemical action of 
the discharge did, in many cases, cause 
carbonization or tracking of the dielectric 
surface. This effect was most severe with 
the spark discharge, although a glow, 
allowed to persist long enough, would also 
cause tracking. The XXXP material was 
much more susceptible to carbonization 
than the epoxy glass. No tracking was 
observed on Teflon glass. 

Hundreds of test patterns were flashed- 
over with excellent consistency data from 
sample to sample. The uniformity of data 
is attributed principally to the elimination 
of the statistical time lag by ultraviolet 
light. 

For the test pattern configuration used, 
breakdown voltage was found to be de- 
pendent only upon air pressure and con- 
ductor spacing. It was not affected by 
humidity, insulating material nor conductor 
finish. The relationship between flashover 


Fig. 3—-Breakdown voltage related to con- 
ductor spacing for printed circuits. 


»> 


Fig. 4—- Low pressure (Townsend) discharge. 
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shown in Fig. 3, 
while Fig. 4 illustrates how air pressure 
affects breakdown voltage. 

An additional and important relationship 
can be derived from the four curves of 
Fig. 4 if the air pressure, multiplied by 
conductor spacing, is plotted against flash- 
over voltage. If the curves for the 0.050, 
0.075, 0.150 and 0.250-in. gaps are each 
generalized in this manner, they correspond 
so closely when plotted that they become 
essentially one curve. This is shown in 
Fig. 5. The flashover voltage is plotted 
against the product of the air pressure in 
millimeters, and the conductor spacing in 
centimeters. This represents complete in- 
formation on the breakdown characteristics 
of the test pattern form. 

It is apparent from Fig. 5 that the flash- 
over voltage of a \%-in. conductor spacing 


voltage and spacing is 


at a pressure of 500 mm Hg will be the 


same as that of a %4-in. spacing at 250 mm 
pressure. This is an illustration of the prin- 
ciple known as Paschen’s Law. This law is 
normally applied to uniform electric fields 
in a gas. It states that, for a given electrode 
shape, the voltage required for gaseous 
breakdown is a function only of the prod- 
uct pd, where p is the gas pressure (or 
more correctly, the gas density), and d is 
the spacing between the electrodes. Figure 
5 shows that Paschen’s Law applies, at 
least within the limits of this study, even 
to the nonuniform-field configurations of 
parallel printed-circuit conductors. 


Peok 60-cycle breakdow 
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Fig. 5 — Breakdown voltages for various printed conductor spacings and air pressure. 


It is believed that the most significant 
result of the study was to affirm that 
printed-circuit flashover is of Paschen char- 
acter. This will considerably extend the 
usefulness of the data, although the ex- 
tremes in conductor spacing for which the 
Paschen relationship will apply are un- 
known. 

The generalized curve of Fig. 5 should be 
of considerable value in the design of non 


pressurized printed-circuit assemblies which 
must operate in high-altitude environments. 
Obviously, the maximum low-frequency 
which can be safely used in such 
390 volts peak value. 


voltage 
equipment is below 


J. G. CHEVALIER and A. P. 
Bet Tecernone Lasoratronies 
Whippany, New Jersey 
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Research Note 


Performance of Alnico VIIA Magnets (65 to +550 C) 

VIIA 
operating at (BH,)... is 12 per cent 
room temperature value. Under 


alnico V and VI 
change 1.4 and 1.7 per cent, re 


Aunico VIIA is a commercial permanent perature on the remanence. The great re the remanence of alnico magnets 
magnet material containing 34 per cent Co, 
144 per cent Ni, 7.5 per cent Al, 5 per 
cent Ti, 
Fe. Great coercive-force 
of 1000 oersteds) and thus great resistance +550 C. 
to demagnetization are typical for these Under 
magnets. no irreversible loss of remanence was ob 

Recent experiments* have 
alnico VIIA magnets are jess affected by 
temperature than magnets of the 
alnico alloys. The high cobalt content 


minimizes the effect? of tem- 


sistance to demagnetization decreases the 
irreversible Proper 
heat treatment resu'ts in a very stable ma the same 


losses of remanence. above the 


4.5 per cent Cu by weight, balance circumstances, 


terial in the temperature range of 65 to magnets 


values (in excess 
spectively 
these ibout 500 C, er more, 


experimental procedures, In exposures to 


changes in the material begin to influence 
atter exposure to 65 C on magnets the remanence 
(BiH 4) son 
alnico \ and VI 
(BLH,). 


values showed irreversible losses of 2.3 and 


Through proper heat treat 
kept to toler 


exposure 


shown that served 


operating at or above the ment, these changes can be 


other value. In contrast to this, ances below +1 per cent during 


their periods of 1000 hr or more 

Alnico VIIA 

(BH) experience 
irreversible loss after 
temperature and 550 C. This value 

also slightly smaller than those irreversible loss of 

of alnico V and VI magnets. At 


magnets operating at 


ax 


reversible magnets operating at 


4 per cent, respectively, after exposure to 


performed under the 65 C. The 
sponsorship of the Wright Air Development Division 


of ARDC 


about 4 per cent 


© The experiments have bees changes of rem 


reversible 72 hr of exposure to 
grees closely with the 


ilnico V and VI mag 


65 C, nets under the same circumstances 


anence bet wee mn room 


it with more extensively in the 65 C are 


nical Design Ja 


VIIA 


temperature and 


The reversible change of alnico 


magnets between room 
500 C are slightly «emaller than those of 
ulnico V and VI magnets. At 550 C, the 


ulnico VITA magnets operat 





remanence of 
ing at (B,H,)..., is 112 per cent below 

Under the 
and VI mag 





value 
alnico \ 


about 13 per cent The rever 


the room temperature 
same circumstances, 


nets change 





sible changes in remanence of alnico VITA 
magnets between 25 ind 550 C are 
chart 


From these experimental results, it may 





shown 


in the accompanying 





be seen that alnico VIIA magnets compare 





favorably with magnets of other alnico 





alloys ‘n their performance between 65 


und 550 ¢ 


RUDOLPH K. TENZER 

The Indiana Steel Products Div. 
INDIANA GeNnerat ConpoRraTion 
Valparaiso, Indiana 


Reversible changes in remanence of alnico VIIA magnets between 25 and 550 C. 
£ £ 
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Tung-Sol/ Chatham CROWBAR Thyratrons 


PROTECT HIGH-POWER CIRCUITS AGAINST DESTRUCTIVE ARCS 


Any one of a host of causes can trigger internal arcs in high- 
power tubes with little or no warning ... even if the tubes are 
well designed, operate in well-engineered circuits, and have 
conservative demands placed upon them. Cosmic rays, line- 
voltage transients, parasitic oscillations, spurious primary and 
secondary electrons and material whiskers are just a few of the 
potential sources of these highly destructive arcs. 


But by engineering Tung-Sol/Chatham high reliability crow- 
bor hydrogen thyratrons into your design, you can safeguard 
against costly arc-generated breakdowns. By short-circuiting 
destructive currents, these zero bias ‘‘arc-busters” extinguish 
the arcs before circuit elements con be damaged. 


Typical applicetion: A crowbor thyrotron 
is connected in series with o suitable impe- 
dance across the filter of the high voltage 
power supply for o high frequency amplifier 
tube. Whenever on orc occurs in the power 


ni 


Ti 


Instantaneous response and the ability to carry extremely 
large currents make these rugged thyratrons ideally suited for 
this purpose. Moreover, they are able to conduct these heavy 
surge currents even after having been idle for long periods. 
Each tube contains a hydrogen reservoir which promotes long 
life and permits optimum gas pressure adjustment for various 
operating conditions. Write for full technical details. Tung-Sol 
Electric Inc., Newark 4, N. Jj. TWX: NK193 


Technical assistance is available through the following sales offices: Atlanta, 
Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; Detroit, 
Mich.; Irvington, N. J.; Melrose Park, Ill; Newark, N. J.; Philodelphia, Poa.; 
Seattle, Wash. Canada: Toronto, Ont. 


tube, the rising current is used to deliver a 
suitable signal to the grid of the thyratron 
The thyratron immediately conducts to short 
circuit the power supply, until the protective 
circuit breoker opens 0.1 second later. 


Ci 


DC. Anode 
Forword 
Voltage 


Peak 
Cathode 
Current 
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For FAST quotations on custom 
boxes, cabinets and enclosures. . . 


It pays to get figures from 


KEYSTONE 


Keystone now has a complete design 
and build service with all facilities to 
produce special boxes, cabinets and 
enclosures of any type or size to meet 
your exact requirements! Send your 
blueprints or sketches today—you’ll 
recewe a quotation promptly! 


KEYSTONE 


MANUFACTURING CO. 


Division of 
Ais INDUSTRIAL CORP 
23334 Sherwood Ave. . Warren, Mich 
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A Missing Solution 
To a Drive Problem 


This could sound like a blind ad in 
the “personal” columns of a daily 
newspaper, but we print this tragic 
bit because it does refer to a design- 
engineering problem, solved and yet 
unsolved. 

Lawrence Hagerman, an industrial 
engineer, of Rivera, California, at- 
tended the 1960 Design Engineering 
Show and Conference in New York 
last May seeking to find among other 
things a suitable drive for an auto- 
matic decorating machine used for 
printing labels on glass containers. Ap- 
parently he found what he was look- 
ing for, a drive possibly of the torque- 
limiting type. He phoned his wife tell- 
ing her that his long search had ended 
and that their financial future was as- 
sured. It wasn’t. The next day Mr. 
Hagerman was killed in the crash of 
his private plane en route to his home. 

It would make a great difference to 
Mrs. Hagerman if she could identify 
the drive that will make her late hus- 
band’s automatic decorating machine 
work. Mr. Hagerman attended the De- 
sign Engineering Conference sessions 
on Power and Control on May 24, and 
on Automation, May 25. Obviously he 
visited exhibitors. Anyone who has a 
clue to this missing answer is asked 
to communicate with Mrs. Dorothy 
Hagerman, 12019 South Shoemaker, 
Sante Fe Springs, California. 


Department of Correction 


Typographical errors are phenomena 
we would like to avoid. However, to 
our chagrin (and the author's) 
several slipped into ‘print in Thomas 
Alman’s “Using a Digital Computer 
Fitting of Test Data” in 
issue. We apologize 


in Curve 
our September 
to our readers and ask them to note 
that IBM’s 533 card read punch and 
652 tape control unit were used (p 170). 
On p 172 (left-hand 
current equation should be added and 


column), the 


the group should read: 


current = 
ad, + a,(hp) + a,(hp) a, (hp) 
watts input 


b + (hp) 


rpm 


b (hp)? b (hp)* 


Co + c, (hp) c,(hp)? + c,(hp) 


On p 172 (first line, right-hand column) 


ymmments of the Editors and Readers 


printed (K n); 
this should read K > n. If K were equal 
method of least squares 
would not be necessary since there 
would be no residuals to minimize. 
On p 173 (right-hand column) “ranges 
from —0.04 to +0.17” should read: 
“0.18 to +0.17"; and “0.66 per 
cent” should read “+0.06 per cent.” 


we inadvertently 


to n, the 


How Electronic 
Are Engineers? 


Having tried for years to find the 
boundary between “electronic” and 
“electrical”, we are now more puzzled 
than ever. We have accepted “elec- 
tronic” devices without a murmur, and 
shuddered only ever so slightly about 
the mystery of “electronic” engineer- 
ing. But recently even engineers have 
Books are being 
engineers” 


become “electronic”. 
published for 


for even for 


“electronic 
“electronics engineers” ) 
and there is no telling where this sort 
of thing might lead 

In the old days, there were things 
electric 


“electric”, such as motors, 


electric trains, electric currents. And 


then there were things “electrical” 


such as electrical engineering, and 

there were persons, namely electrical 

engineers 
Now, about 


We are consoling ourselves with 


“electronic” engineers 


the thought that an “electronical” en- 
gineer—grammatically correct as this 
designation might be—would only con- 
fuse us more. So we are now trying to 
come to terms with this vision of an 


Artzybasheff, 


Time magazine’s cover artist, would 


“electronic engineer” 
picture him mounted on enormous air 
“breadboard” 
layout with his photocell retina, his 


craft tires, observing a 


audio receivers sensitive to AM and 
FM, his stereophonic 
tivating operations. He carries an IBM 


instructions ac 


709 on his shoulders and his ervogenic 
heart beats at phenomenal speed. His 
hands are two enormous line printers 
putting out computations at the rate 
of twenty million characters per micro- 
——A.M.H. 


second. 


Do-it-yourself Design Engineer 

At the recent ASME Design Engineer- 
ing Conference (May  ELectrican 
MANUFACTURING, p 10) a mechanical 
engineer with an MS degree in Applied 
Mechanics demonstrated within a 
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LEECE-NEVILLE 
ow 
SOURCE 

FOR 
oly Vana 
MOTORS 


Announcing a new line of shaded pole and 
permanent split capacitor motors 


Leece-Neville, world’s largest independent supplier of 
fractional hp DC motors for automotive use, announces a 
complete new line of fractional hp shaded pole and perma- 
nent split capacitor motors for use in air conditioning and 
other blower-type equipment. Basic shaded pole motors 
range from 1,;9 to 4, hp... permanent split capacitor 
motors from ,,; to 4 hp. Our fully staffed engineering 
department can help you adapt a basic unit or design 
a special motor. 


eece- 
Nevill 


. 
Since 1909 


The Leece-Neville Company, Dept. *M-10 
Georgia Division, Gainesville, Georgia 
Please forward details on your shaded 
pole and permanent split capacitor 
motors. 


Company 
Address 


CO ican .__. Zone___ State 


Type of Product Manufactured 


We invite you to compare Leece-Neville quality, ability to deliver, and prices with these of your present suppliers. For details, mail coupon. 
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matter of minutes that he was a de- 
sign engineer who could improvise on 
the spot with materials at hand. 

One of the first of the simultaneous 
technical sessions—this one on Relli- 
ability—was about to start when the 
session officers became aware of the 
lack of a lectern for the speakers’ notes. 
The dias was low, the room filled with 
some 600 impatient DE’s, who felt they 
should see as well as hear the speak- 
ers. A quick foray into the adjoining 
exhibit area by co-chairman Nicholas 
Osifchin (Bell Telephone Labs, Elec- 
tromechanical Development Depart- 
ment) brought forth a corrugated car 
ton about 2 x 2 x %% ft. With the aid 
of a penknife, dexterous fingers and 
agile brain, without fasteners other 


some CO “QE. Vg cts exports cot aches a ues 
. faster operating Speeds = oe eet the. avagen 
three sessions. The only thing his fun 


. less contact bounce BAPE | tional design lacked was a reading 


’ lamp. (That would have required the 
/ lif services of an “electrician” in the craft- 
. ong ! e ridden New York Coliseum). What a 
man must Osifchin be about his Jersey 
This new Dunco answer to high reliability 
consists of one or more Dry Reed switch 
units surrounded by an operating coil. 
Each switch unit incorporates a long mov- 
ing reed operating against a short pole e*eeeoeeeeneeeseeeee 
piece, hermetically sealed in glass, with an 
imert gas. 
The unusual reed switch design permits ‘ 
operating speeds up to 120 per second with THIS MONTH $s COVER 
a minimum of contact bounce. Low level 
and lower power switching is reliable for 
hundreds of millions of operations. 
The SP-ST normally-open contacts are SIMCOE hy 
rated at 15 watts and 250 volts, with one 
ampere maximum current carrying capac- 
ity. Load life at 25% of maximum ratings 
is on the order of 200 million operations 
Operating power for each switching unit is 
approximately 100 milliwatts. 


Dunco Dry Reed Relays can be supplied 
in a variety of enclosures and assemblies 
including switch groups operated by a 
single coil to provide multipoles and 
relay clusters for printed circuit board 
mounting. 


home : 


Dunco engineers will be glad w work 
with you in adapting these versatile units 
for maximum economy and efficiency in 
your equipment. 


STRUTHERS-DUNN, INC., 


Pitman, N. J. 2 , . 
The study of the properties and relations 


of whole numbers, the integers, used to 


Member, National Association of Relay Manufacturers be considered “pure” mathematics be- 
longing to the world of abstraction, of 


STRUTHERS-DUNN (a in ea or 


Relay headquarters since 1923 where the relationships of whole num- 
bers are expressed by simple geometric 
shapes, lines, and colors. Symbols for the 
operations upon integers transcend the 
abstract representations of the integers. 
To the modern engineer this month's 
cover and the article starting on page 127 
will seem no less “pure” because he will 
find it extremely useful in his work. 
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SR NYLON G6, GLASS-FILLED, TAKES HEAT, STRESS 


Bobbins like this, of Plaskon Nylon 6 reinforced with glass 
fiber, contribute to a better exciter generator, according 
to Electric Machinery Mfg. Co., Minneapolis, Minn 
‘The molded bobbins provide a durable and economical 
means of providing the field winding in one unit for in 
sertion on the pole.'’ Glass fiber reinforced Nylon 6 pro 
vides better dimensional stability and rigidity plus good 
thermal stability, important to trouble-free operation 


The molding compound used in the bobbin, Nylafil G3, con- 
sists of Plaskon Nylon formulated with glass filler in a 


rigidly controlled process by Fiberfil, Inc., Warsaw, Ind. 
Plaskon Nylon 6 offers toughness, light weight, resist- 
ance to abrasion, corrosion and heat, lower shrinkage, 
greater impact strength and easier colorability. It molds 
at lower temperatures, easing the problems of thin-sec- 
tion molding and providing better dimensional stability. 
Several varieties of Plaskon Nylon 6 are available for 
extruded products . . . and their extrudability is good. 
Write us for more information about hard-working Plaskon 
Nylon — or Nylafil G3. 


PLASTICS AND COAL CHEMICALS DIVISION 
40 Rector Street, New York 6, N. Y. 





WOOD-FLOUR FILLED UREA... EFFICIENT 


Efficient both electrically and economically, this Plaskon 
Wood-Fliour Filled Urea circuit breaker case delivers 
superior arc resistance 80-100 seconds (ASTM). The 
maker states that its dielectric and insulating properties 
have proven satisfactory in this circuit breaker case, as 
well as other cases in his line 

Allied Chemical Corporation developed this material spe 


cifically for high-speed automatic molding of electrical 
parts; Plaskon Wood-Flour Filled Urea is now thoroughly 


proven in the field. It matches or exceeds the more ex 
pensive alpha-cellulose urea in a properties except 
translucency and color range. Available in NEMA brown 
or standard black 

Other important properties of Plaskon Wood-Flour Filled 
Urea: Superior color-fastness @ Impervious to household 
solvents @ Non-electrostatic surface 

You may well profit by switching to Plaskon Wood.-Filled 
Urea write us for more information and for samples 





MMII FIRE-RESISTANT UREA... NON-STATIC, TOO 


Lighting grids like this made of Plaskon Fire-Resistant Other important properties of Plaskon Fire-Resistant Urea 
Urea UFR-28 stand up well to flame! UFR-28 high dielectric strength; rigid enough to sup- 
port itself; hard surface resists scratching and abrasion 
and facilitates cleanup; colors are spectro-photometri- 
cally controlled for precise lighting values 


Where the Ui fire tunnel test may cause other white and 
pastel materials to blister, drip or contribute readily to 
flame spread, this grid has a low UL flame spread rating 
of 25... considered ‘‘Non-Combustible”’ in general pra Look to Allied for Urea Molding Compounds when you need 
tice! In addition, its ASTM rating is ‘‘Non-Burning good fire resistant and electrical properties, rigidity, 
Called ‘'N. C. Gratelite’’ by maker Edwin F. Guth Co strength, wide color range, or combinations of these 
St. Louis 3, Mo., this new grid eliminates static electricity Plaskon materials and know-how to help solve your prob- 
charges, too doesn't attract dust lems are freely available. We'd like to hear from you. 


llied 
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Plaskon'\ ALKYDS PROVIDE HIGHEST ARC RESISTANCE 


The base of this rectifier tube is made of Plaskon Alkyd 
Molding Compound. The tube’s maker, Chatham Electron 
ics, Division of Tung Sol Electric, Inc., states that 


1. Plaskon Alkyds provide high arc and insulation re 
sistance. A three kilovolt potential between base pins 
presented no problem 


. The high mechanical shock resistance of Plaskon 
Alkyd helps this tube to withstand 900 G's, as required 
by military specification 


3. In this application, a maximum bulb temperature of 


250 C'(482°F) has no adverse effect on the P 

Alkyd base 

The fast cure rate, dimensional stability and uniform 
ity of Plaskon Alkyd permit high-speed, high-precision 
parts production 


Plaskon Alkyd Molding Compounds are available in three 
forms free-flowing granular for high-speed automat 
molding; giass-reinforced impact grades combining ex 
cellent mechanical and electrical properties; putty types 
for encapsulation. For more about Plaskon Alkyd Molding 
Compounds, write or call our Alkyd sales department 


PLASTICS AND COAL CHEMICALS DIVISION 
40 Rector Street, New York 6, N. Y 





“Project Echo” satellite went into 
@ near-perfect circular orbit 1000 
miles high, circling the earth once 
every two hours. Its orbital path 
covered ali parts of the U. S. 


FIRST PHONE CALL VIA 
MAN-MADE SATELLITE! 


BELL TELEPHONE LABORATORIES BOUNCES VOICE OFF SPHERE 
PLACED IN ORBIT A THOUSAND MILES ABOVE THE EARTH 


Think of watching a royal wedding in Europe by live TV, 
or telephoning to Singapore or Caleutta— by way of outer- 
space satellites! A mere dream a few years ago, this idea 
is now a giant step closer to reality. 


Bell Telephone Laboratories recently took the step by 
successfully bouncing a phone call between its Holmdel, 
N. J., test site and the Jet Propulsion Laboratory of the 
National Aeronautics and Space Administration (NASA) 
in Goldstone, California. The reflector was a 100-foot sphere 
of aluminized plastic orbiting the earth 1000 miles up. 


Dramatic application of telephone science 


Sponsored by NASA, this dramatic experiment —known as 
“Project Echo” —relied heavily on telephone science for 
its fulfillment... 


® The Delta rocket which carried the satellite into space 
was steered into a precise orbit by the Bell Laboratories 
Command Guidance System. This is the same system which 
recently guided the remarkable Tiros | weather satellite 
into its near-perfect circular orbit. 


® To pick up the signals, a special horn-reflector antenna 
was used. Previously perfected by Bell Laboratories for 
microwave radio relay, it is virtually immune to common 
radio “noise” interference. The amplifier—also a Labora- 
tories development —was a traveling wave “maser” with 
very low noise susceptibility. The signals were still further 
protected from noise by a special FM receiving technique 
invented at Bell Laboratories. 
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“Project Echo” foreshadows the day when numerous 
man-made satellites might be in orbit all around the earth, 
acting as 24-hour-a-day relay stations for TV programs 
and phone calls between all nations. 

This experiment shows how Bell Laboratories, as part 
of the Bell System, is working to advance space communi- 
cation. Just as we pioneered in world-wide telephone serv- 
ice by radio and cable, so we are pioneering now in using 
outer space to improve communications on earth. It’s part 
of our job, and we are a long way toward the goal. 


Giant ultra-sensitive horn-reflector antenna which received signals 
bounced off the satellite. it is located at Bell Telephone Laboratories, 
Hoimdel, New Jersey. 


: (‘@ BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 


inquiry Cord 21 





America’s modern way of doing business 


Air Express takes priority on all scheduled U. S. airlines 


AIR EXPRESS is in the auto business, now! This crew is just finishing off the latest model. Hours from 
now, it will bow at a glamorous auto show. Many new parts were completed just in time, and flown 
to this assembly point with jet speed. Al/ 35 scheduled U.S. airlines pampered them with priority 
treatment. AiR EXPRESS trucks (13,000... many radio-dispatched) rushed them door-to-door at both 
ends of their flights. As each part arrived, the shipper got 

a teletype receipt. That’s service! AIR EXPRESS is in 

other businesses, too. /t should be in yours. There’s no Al re EXPRESS 


finer partner and rates are low. One phone cal is all it takes. 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY © GETS THERE FIRST VIA U.S. SCHEDULED AIRLINES 
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new machine tool relay 
cuts panel space 50%, 
reduces installed cost over 20% 


ACTUAL SIZE 





Here's the new Westinghouse relay that cuts the control panel space requirements as 
much as 50%. Specifically designed for use on automated machine tools, this relay is 
smaller than any other similar unit available. Relays can be butted against each other 
in banks. What's more, both 4 and 8 pole frames have the same mounting dimensions, 
occupy the same panel area, and can be mounted adjacent to each other without addi- 
tional electrical clearances. ® Wiring a panel is easier, too. Relay terminals are all readily 
front accessible. Each of these clamp type connections has a wire stop . . . installation 
is faster and costs less. You actually save more than 20% over outdated relays. # This 
new relay has load rating of 6 amps, 300 volts a-c—found by experience'to be ideal for 
most of the machine tools now being designed. # Want more information? Contact your 
nearest Westinghouse representative or write: Westinghouse Electric Corporation, 
Standard Control Division, Beaver, Pa. Remember: You can be sure if it’s Westinghouse. 


The Westinghouse BF relay is available from stock, now. 
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A glass yarn “skeleton”.with an asbestos 


J-M Fiber Glass Yarn 


and J-M Asbestos Fiber 
are integrally combined 


in a single insulation 


At ALA Se - 8OOCRE aOS ae tks Sebo OmmES eS = 


26 


+ Peewee ee 


WITH QUINORGO R-4... 
YOU GET HIGH 
MECHANICAL STRENGTH 
AND LASTING 
DIELECTRIC 
PROPERTIES 

IN ONE SHEET 


NEED AN INSULATION PAPER 
WITH THE EXCELLENT 
HANDLEABILITY THAT RESULTS 
FROM HIGH 

MECHANICAL STRENGTH? 


You can get excellent handleability 
along with good lasting electrical 
properties in J-M Quinorgo® R-4. 
An open cloth of tough J-M fiber 
glass yarn—the same uniform, low- 
twist yarn widely used for efficient 
magnet wire production — provides 
great strength in both machine and 
cross-machine directions. Prevents 
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“skin”..to give you better insulation 


tearing, penetration ; gives improved 
handleability for today's high-speed 
fabrication techniques. The glass fi- 
bers resist moisture... won't shrink 
or swell... and they withstand tem- 
peratures up to 1000 F. 


NEED DIELECTRIC PROPERTIES 
THAT STAND UP UNDER HIGH 
OPERATING TEMPERATURES? 


You get lasting dielectric strength 
in Quinorgo R-4. Highly purified as- 
bestos fiber—formed integrally with 
the glass yarn as part of the paper- 
making process—retains its electri- 
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cal properties under sustained high 
operating temperatures. In addition, 
these asbestos fibers in the sheet 
provide maximum heat resistance 
for longer insulation life. 

Quinorgo R-4 is supplied in 10- 
mil caliper for rotating equipment. 
Also available are Quinorgo R-470, 
epoxy-saturated sheet in 12-mil cali- 
per, and R-430, silicone-saturated 


sheet in 10-mil caliper. For these or 
other electrical insulation needs, 
contact your local J-M representa- 
tive. He can also supply a wide range 
of asbestos-based insulations treat- 
ed with Class B, F, or H resins. Send 
for helpfu! data sheets. Johns- 
Manville, Box 14, New York 16, N.Y. 
In Canada: Port Credit, Ontario. 
Cable address: JOHNMANVIL. 


JOHNS-MANVILLE J v} 
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Heinemann’'s new Series VP circuit breaker can give you elbow room to work with in engi- 
neering compact equipment. Just 21” x 54” x 24%” overall, it tips the scales at a piddling 
114 ounces, and requires only a half-inch of panel space (without the ON-OFF plate). Yet, 
small as it is, it can double in brass. The standard series-trip model, for example, can serve 
you as a toggle switch as well as overload protector. Other models with special internal 
circuit constructions (shunt-trip, relay-trip, calibrating-tap, auxiliary contacts) can do even 
more to simplify a schematic, eliminate components. 0 Like all Heinemann circuit breakers, 
the VP breaker is magnetically actuated, has a hydraulically controlled, inverse time delay. 
Completely non-thermal, it doesn’t have to be de-rated for high ambient temperatures. 0 
You can have this breaker in any integral or fractional current rating from 0.050 to 15 
amps, for 110 V, 60 or 400 cycles AC, or 50 V DC. Our new Bulletin VP will give you more 
information. Drop us a line, and a copy’s yours. 


HEINEMANN ELECTRIC COMPANY <@ 101 BRUNSWICK PIKE, TRENTON 2, N.J. 


ELOY ETPOTT ATU EDAP EAN UL| Evy TPE ETOTTTE myer nD 
: deiediecuaall Sal adal “pm th 


Try this breaker for size 
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Over the past half-century, HICKOK-pioneering in electrical indicating meters has 
resulted in such important developments as .. . 


V Perfection of the internal pivot movement 

VV Development of the miniaturized long-scale (250° angular deflection) panel meters 

V/ Origination of the sub-miniature (1” diameter) long-scale ruggedized meter 

V ... and, the latest break-through . . . ultra-sensitive class 0.5 Hickok Taut-Band Suspension 


(friction-free) pane! meters. 


In close cooperation with leading engineers in the 
aeronautical, nucleonic and electronic fields, Hickok 
has repeatedly produced meters of the highest relia- 
bility in unique, complex designs for custom instrumen- 
tation requirements. 


Whether your instrumentation requirements involve 
meters of standard or special, custom engineered 
design, a Hickok Engineer is ready fo help you. There 
is no obligation. Write for full technical information. 


THE HICKOK ELECTRICAL INSTRUMENT COMPANY | ped abag bari 
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CLEVELAND 8, OHIO 
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REFERENCE 
DATA FILE 


a continuing series on technical topics 


after routing, 
clip and save 


of specific interest to engineers 


4. Polarity Of 
° Aluminum Electrolytic Capacitors 


Many electrolytic capacitors have plus and minus ter- 
minals, like flashlight batteries, which makes them 
quite different from other types of capacitors. Polarity 
becomes necessary because of special construction that 
provides maximum capacitance for a given volume, 
weight, and cost. 

Aluminum electrolytic capacitors are built around one 
of the best overall dielectric materials available. Alu- 
minum oxide formed on a high-purity aluminum foil 
has a dielectric constant of from 7 to 10 and an ex- 
tremely high dielectric strength of 2.5 million volts per 
0.1 inch of thickness. 

These unique dielectric characteristics of aluminum 
oxide can be utilized fully by controlling thickness of 
the oxide dielectric from a film only a few molecules 
thick to any depth required for conventional voltage 
ratings of electrolytic capacitors. Furthermore, alu- 
minum foil can be etched to increase its surface area 
as much as ten times, increasing capacitance propor- 
tionally. 

This extremely thin dielectric film offers very high 
resistance to passage of electrical current as long as 
the anode is positive with respect to the cathode. If the 
capacitor is connected with polarity reversed, the oxide 
film offers very little resistance to current flow and the 
resulting high currents will cause the capacitor to 
overheat. 


rrvrv_—Sés« Tiss is the reason why polar electrolytic 

capacitors must be properly connected in 

a d-c circuit. Most electrolytic capacitors 

for filter, by-pass, and energy storage applications are 

polar capacitors. That is, they are constructed with the 

anode covered with dielectric oxide to a thickness capa- 

ble of withstanding both rated and surge voltage of the 

capacitors. The negative plate normally has no dielec- 

tric oxide other than a thin film formed when aluminum 
is exposed to air. 


It is possible to adapt the electrolytic 

principle for a non-polar capacitor to a-c 

applications. Two anodes are used, each 
plate having an aluminum-oxide dielectric formed on 
its surface to a thickness capable of withstanding nor- 
mal and surge-voltage rating in either direction. When 
connected to an a-c source, one foil acts as an anode 
for one-half the cycle while the other functions as an 
anode on the other half of the cycle. Thus, there is no 
need to observe polarity with a non-polar capacitor. 
Because a non-polar capacitor is really two capacitors 
in series, it will have approximately one-half the ca- 
pacitance of a polar capacitor of the same voltage rat- 
ing when read on a bridge. Or, to put it another way, 
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it will have twice the volume of a polar capacitor for 
the same capacity and voltage rating. 


Non-polar electrolytic capacitors can operate on a-c 
provided service is intermittent or if reactive currenty 
are low enough to prevent overheating. They canno 
operate continuously at a-c potentials higher than 40 
volts rms because of their high power factor and small 
surface area for dissipation of heat. 


GV 


Type DCM, Polar Type Mj, Non-Polar Type TR, Polar Type MT, Polar 
Energy Storage Motor Starting High Reliability General Purpose 


Motor-starter capacitors are non-polar. They are also 
used where voltage may reverse on occasion or where 
a-c current must be passed continuously during the 
starting period. 


There is another large family of electro- 
Wy lytic capacitors which, for lack of a better 


name, are called semi-non-polar. As the 
name implies, oxide is purposely formed on the nega- 
tive plate, but of a thickness less than that formed on 
the anode. Most semi-non-polar capacitors are espe- 
cially designed for particular applications. 
Where a-c ripple voltage across semi-non-polar capaci- 
tors is high in filter applications, it is desirable to have 
oxide formed on the cathode capable of withstanding 
peak-to-peak voltage of the ripple wave — otherwise, 
oxide will accumulate on the cathode which will reduce 
capacitance and increase impedance. 
Since non-polar and semi-non-polar electrolytic capaci- 
tors have more foil area to absorb heat, more parallel 
paths for current, and larger case sizes with greater 
area to dissipate heat, they are used where high a-c 
ripple currents and/or low impedance requirements 
make polar capacitors impractical. 
Sangamo has a complete line of polar and non-polar 
capacitors for filtering, energy storage, motor starting, 
by-pass, coupling, and non-critical timing circuit appli- 
cations. Where semi-non-polar capacitors are required, 
Sangamo engineers are well qualified to supply the 
most economical design that will give good service and 
long life. 

$C60-6 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


— designing toward the promise of tomorrow 
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Experience is the optimum test 
for Energy Storage Capacitors... 


time-proven Sangamo Type DCM Electrolytic Capa-itors 
exceed operating requirements of practically every application 


Sangamo Type DCM 
Electrolytic Capacitors 
are housed in seamless, 
drawn-aluminum con- 
tainers with a molded 
thermosetting plastic top 
that is sealed with a gasket 
to prevent electrolyte 
leakage and contamina- 
tion. Terminal construc- 
tion insures minimum 
contact resistance in cur- 


rent-carrying members. Pee 


Cover design provides an 


adequate safety vent in Fg 


case of heavy overload. 
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Sangamo was the first capacitor manufacturer to produce and 
establish standards in the manufacture of electrolytic energy storage 
capacitors. Since 1949, design and manufacturing techniques have 
been developed to such a scientific degree that Sangamo is still 
regarded as the leader in the field with the Type DCM. The time- 
proven characteristics of the DCM more than meet normal require- 
ments of operating temperature, equivalent series resistance and life 
expectancy. Those techniques mean, too, that maximum capacity 
can be put in the smallest case size consistent with good engineering 
practice and performance reliability. 


Occasionally applications call for energy-storage capacitors to meet 
special requirements — including higher temperature, and higher 
ripple current. Sangamo is uniquely qualified and equipped to engi- 
meer and produce to the most exacting specifications. We would 
appreciate the opportunity of supplying your future needs. 


Complete data on capacitance and voltage combinations on Type 


DCM Capacitors is detailed in Sangamo’s Engineering Catalog 2231. 
Contact your Sangamo Representative, or write us for your copy. 


— designing toward the promise of tomorrow 
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McGILL CAN SOLVE YOUR SPECIAL SWITCH PROBLEMS 


Like In-Sink-Erator you may have 
found that a non-standard switch is 
the only way to actuate and control 
the unusual circuitry of your product. 
1-100-L momentary contact switches designed for the purpose are 
used to actuate the mechanism of their domestic garbage dis- 
posers by cam action. One model uses a 15 amp. 115V % hp 
switch, another an 8 amp. 115V % hp. Stainless steel com- 
ponents, effective seal against water pressure and extra 

switch durability help to insure long life efficiency 
If you have such special switch requirements, ask McGill 
application engineers for their recommendations — spe- 
cial switch development is part of everyday activity 

at McGill. 


1-100-L 


IN-SINK-ERATOR CUTS COSTS 30% 


“Actual cost reduction of at least 30% by reducing 
number of parts. Accurate positioning by use of 
threaded mounting. Easy service of switch by use 
of micrometer screw adjustment.” These are the 
comments of J. H. Enright, In-Sink-Erator 
Manufacturing Company electrical engineer, 
D EPEND A B a ia concerning the advantages of the McGill 
switches used in the popular In-Sink-Erator 
domestic garbage disposers. 


mi ¢ L a ay.. for the performance you want 


QUALITY 20 AMP ROCKER SWITCH 


A new series of switches to meet the appearance, 
operational, dimensional and cost requirements of a 
wide range of appliance and electrically powered 

equipment applications. Hundreds of variations with 
respect to actuator colors and sizes, mounting brackets, 
plates, circuitry and terminals are available to solve your 
specific design problem. Heavy duty construction and 20 
amp. 125V AC 1% hp ratings assure long and dependable life. 


30 AMP MOMENTARY 0111-032301 
CONTACT SWITCHES 


Designed especially to apply 25 ; P 
Se ee here, 30 ampa, 8 to 20 AMP SP and DP TOGGLE SWITCHES 
advantages where 30 amps., 
in small size, can simplify assembly Enclosed in impact-resistant molded phenolic, 
and eliminate auxiliary components. and McGill LEVOLIER toggle switches are dust 
Simplified switching action utilizes two and vibration-proof. 
precision wound stainless steel springs. Available in 6 amp. to 20 amp. models with 
Contact bounce is eliminated. Solid copper added DC and HP ratings; SP and DP. Choice 
contacts are inlaid with silver cadmium of wire leads, soldering lugs or screw terminals 
oxide. 30 amp. 125-250V momentary contact on most models. 
with choice of terminals and six actuators. 


. 


engineered electrical products —\—w 


NEW CATALOG 


No. 60 is just off the preas. It's yours for 


the asking write for your copy today e © . 
, precision needle roller bearings 


L MANUFACTURING COMPANY, INC ELECTRICAL DIV 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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Now for the first time —a single source of supply for 
CONTOUR* cable, connectors and custom engineered 
inter-connection and harness systems ‘2%: ors » comtet 


etched CONTOUR cable and connector components — off-the-shelf and custom engineered. They are 
designed to meet the most rigid performance requirements. Their use offers marked advantages over 


conventional methods in fabricating all types of wiring harnesses, interconnecting cables, moving joint 
connectors, and relay rack drawer connections. For technical assistance in the application of these components to your ir 
terconnecting and wiring problems; for lite-ature, price or delivery information, write, teletype (TWX INGL 4117) or call collect: HUGHES 
industrial Systems Division, P.O. Box 90904, international Airport Station, Los Angeles 45, California. For export information, write: HUGHES Internat 


siver City, California "Te ark of Hugh enc 


CREATING A NEW WORLD WITH ELECTRONICE 


HUGHES 


INDUSTRIAL SYSTEMS DIVISION 
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Probing new dimensions in Electronics 
through Stackpole Research... 


FOR TELE-COMMUNICATIONS 


Permeability: 1800 
Temperature Constant: 1.8 x 10° per °C (—20° to 120° C) 


Avg. Temperature Coefficient (un-gapped cores): 
0.29% per °C (—20° fo 85°C) 


But equally significant is the extremely close tolerances 
To achieve the exact air a ne ore 
assure easy assembly and maximum 
Te ary cringe commend pear ypn Acmad eg eae lige or yansnan 
on magnetic ceramic research and engineering 
pe bee diey - ele yo 


senate SON 


Sa es fe arr a 


GRAPH! INGS, SEAL RIN nop tUNOREDS 
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Designed for Compactness... 
Torrington Needle Bearings 


Simpler, more compact design is possible wherever Torrington Needle 


Bearings are put to work in eliminating friction problems. 


These outstanding bearings offer a higher radial load capacity 
than any other bearing of comparable size. They are more compact, 
lighter in weight, and are lower in unit cost. The full complement of 
small-diameter precision rollers insures exceptional antifriction per- 
formance and long, maintenance-free service life. The turned-in lips 
on the outer shell guarantee positive roller retention. Installation and 
assembly are fast, simple, economical. 


The unmatched design and production advantages of Torrington 
Needle Bearings have been proved in applications ranging from office 
machines to automobiles, washing machines to earth-moving machinery. 
Give your product the benefit of our antifriction know-how. Write or 
call Torrington—maker of every basic type of antifriction bearing. 


TORRINGTON NEEDLE 
BEARINGS FEATURE: 


Full complement of retained 
rollers 

Unequalied radial load ca- 
pacity 

Low coefficient of starting 
and running friction 


e Low unit cost 
e Long service life 


Compactness and light 
weight 

Run directly on hardened 
shafts 

Permit use of larger and 
stiffer shafts 


TORRINGTON BEARINGS 


Torrington, Conn. * South Bend 21, indiana 


progress through precision 
THE TORRINGTON COMPANY 
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Metallurgical Memo from General Electric 


Oscillogroms show how Thyrite voristor limits 
ee eo ee 
cuit, surge voltage is reduced from 9 to 3 times 
a 


WITHOUT ARES 
ioha anaa riba inka 


... and so can you with the assistance of 
TRY IT YOURSELF 


a G-E engineer in your circuit planning 
SEND FOR GENERAL ELECTRIC 
ENGINEERING APPRAISAL KITS 


Sudden interruption of an inductive current produces high surge 
voltages which must be limited to a safe value. The engineer who 
his circuit to include a General Electric Thyrite varistor 

best and lowest cost surge protection available 
»ltage-sensitive resistors which limit voltage 

nt. Available in rods, discs, or washers 

i l ady for installation 

variety of volt-amp 

6 to 10,000 volts 
or for the 


ific problen 


MAGNETIC MATERIALS SECTION 


GENERAL €@ ELECTRIC 


CARBOLOY® CEMENTED CARBIDES © MAN-MADE DIAMONDS e¢ MAGNETIC MATERIALS © THERMISTORS ¢ THYRITE® © VACUUM-MELTED ALLOYS 
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New 





Another Measurable Advantage 


from General Electric Control 





New CR104 push buttons help improve your machine appearance, cut your ponel space at least 40% 


FIRST COMPLETE LINE OF INDUSTRIAL 
MINIATURE OIL-TIGHT PUSH BUTTONS 


® Push buttons © Selector switches 
®@ illuminated push buttons ® Indicating lights 
© Push-to-test lights 


Now you can design entire panels with 
miniature pushbutton units and cut your 
panel space requirements at least 40 per 
cent! General Electric announces the de- 
velopment and immediate availability 
of industry’s first complete Industrial 


Miniature Oil-tight Pushbutton line. 
This new CR104 line offers you the 
operating and functional units presently 
available in heavy-duty oil-tight forms 
with an attractive appearance that 
enhances the design of your machines 
A wide variety of operators is avail- 
able, plus various modifications, special 
units, and nameplates to meet every 


operating requirement. Color coding is 
available in both operators and rings to 
provide you the flexibility of many dif 
ferent color combinations. Also, enclo 
sures and pendent stations are available 
to accommodate from four to 42 units 


FOR MORE INFORMATION on this out 
standing new development in control 

and the “measurable advantages” it of 
fers you—contact your nearby G-E Ap 
paratus Sales Office, or write for Bulle 
tin GEA-7127, General Electric Co., 
Schenectady 5, N. Y. 811 


You get 


MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


SAVE PANEL SPACE. Twenty new General Elec- 
tric miniature units fit into the exact space re- 


GENERAL @@ ELECTRIC 


quired for nine heavy-duty oil-tight push buttons 





PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Stuck? 


A good adhesive does a lot more than 
stick two things together. You can use 


today’s solvent-type adhesives to: 

* smooth out surface contours (as in 
brake linings and in jet aircraft skins, 
where adhesives can eliminate the 
need for projecting rivets); 


distribute stress uniformly over a 
surface, rather than concentrating it 
at welded or riveted points; 


build up large structural members 
from many small components; 


reduce galvanic action between dis- 
similar metals, and so lessen the risk 
of corrosion. 


One super-sticker in this class sets 
with only contact pressure and at room 
temperature; adheres very well to met- 
al, wood, phenolic laminates, glass, and 
rubber. Block shear tests show 4500 
psi at room temperature, and tensile 
strength is 10,000 psi. The cement has 
excellent resistance to all ordinary sol- 
vents, water, oils, alkalies, and acids; 
has high capillary attraction and does 
not shrink. 


We don't make adhesives. We do make 
heat-setting phenolic resins that give 
many of the newer adhesives more grip- 
ping power and more permanence. 
Next time you have a fastening prob- 
lem, give these new solvent-type adhe- 
sives a chance to show you what they 
can do. 


Stock insulation shapes 


This insulation idea solves three engi- 
neering problems at once in a dry-type 
transformer. You'd find the same ap- 
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proach helpful in a circuit breaker, a 
panel, or other heavy-duty electrical 
gear. 

See the plastic angle pieces (below)? 
They insulate the corners of the lam- 
inated steel core from the windings, 
at the high-stress areas. They take the 
place of roll-formed fiber. Advantages: 


1. Greater mechanical strength. This 
ends cracking or breaking of insula- 
tion when windings are forced into 
position. 


. Better resistance to moisture. The 
insulation doesn't swell or shrink, 
maintains its dielectric strength un- 
der the clammiest conditions. 


. Higher heat resistance. The angle 
is made with glass-reinforced Het- 
ron,” our inherently heat-resistant 
polyester resin. It meets NEMA 
GPO-1 specifications, and has UL- 
recognized flame retardance. It is de- 
signed for equipment operating at 
Class B temperatures (266° F.). 


Now for the clincher. You can get 
flame-retardant structural insulation 


¢ What a soivent cement can do 
* Something new in electrical insulation 
* A bulletin on plastics 


like this from stock—in a wide range 
of cross-section shapes including 
channels, in widths up to 97442 inches, 
lengths to 76 inches. 

You get them not from us but from 
the manufacturer, The Glastic Corpora- 
tion, 4321 Glenridge Road, Cleveland 
21, Ohio. The Glastic people will be 
glad to send you details on stock chan- 
nels and angles if you write to them. 


Facts without a file 


What does a man do when he wants 
to know more about Durez plastics? 

He looks in Sweet's File. There he 
finds eight pages packed with the what, 
how, when, where, and why of using 
Durez materials—phenolic and diallyl 
phthalate molding compounds, Hetron 
polyester resins, phenolic resins. 

What if he hasn’t got Sweet’s File 
handy? He sends us the coupon below, 
requesting Durez Bulletin D400. The 
same fact-filled eight pages come to him 
posthaste. 


nn nn - 71 


For more information on Durez materials mentioned above, check here: 


Phenolic resins (12-page bulletin listing applications ) 


Hetron fire-retardant polyester resins (data file, including 


names of fabricators) 


Durez plastics (Bulletin D400) 


Clip and mail to us with your name, title, company address. (When requesting 
samples, please use business letterhead) 


DUREZ p.iastics Division 


1310 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 


alii) 4a. 


CHEMICALS 


PLASTICS 
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Now Industry’s 
Major 
Semiconductor Source 


Now available! The broadest 
line of high quality 


GENERAL TRANSISTOR 


TRANSISTORS, DIODES, RECTIFIERS 





@ NOW you can get from G Semiconductor the outstand- 
ing RELIABILITY for which General Instrument and General 
Transistor have been recognized... PROVED BY PER- 
FORMANCE! 

@ NOW you can get from G Semiconductor the outstand- 
ing CUSTOM QUALITY for which General Instrument and 
General Transistor have been recognized ... PROVED BY 
PERFORMANCE! 


e NOW you can get from G Semiconductor the outstand- 
ing AVAILABILITY of al! standard types of semiconductors 


for which General Instrument and General Transistor have 
been recognized ... PROVED BY PERFORMANCE! 


e NOW you can get from G Semiconductor the outstand- 
ing PRICE REALISM for which General Instrument and 
General Transistor have been recognized ... PROVED BY 
PERFORMANCE! 


e We confidently present this combination of talents to the 
Industry. G Semiconductor is dedicated to a position of 
leadership in thedynamic semiconductor market. 


SEMICONDUCTOR 


65 Gouverneur Street, Newark 4, New Jersey 


OCTOBER 1960 
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HERMACH-ENGELHARD multi-range transfer volt- 
ammeter with 0.05% accuracy through Coe 


AND 
SYSTEMS 


a frequency range d-c to 50,000 cps. ™ Ye 


This multi-range instrument satisfies the exacting calibration 
requirements over a wide range of currents and voltages. 
Hig’: accuracy is attained without use of correction factors. 
The functional design of this transfer standard, employing 
the null principle, provides operation sufficiently simple for 
non-technical operators. Results are read on the external d-c 
potentiometer in a conventional way and multiplied by Send for 
convenient round numbers to give measured current or volt. | complete literature. 
age to 0.05%, without correction, continuously over the fre- 
quency spectrum from d-c to 50,000 cps. To achieve the ac- 
curacy which the Hermach-Engelhard Transfer Volt-Ammeter 
provides across the whole audio frequency range, a whole 
battery of the usual measuring devices would be needed. 
To provide efficient adaptability to various conditions of 
application, several models can be obtained. They are port- 
able, simple and economical to maintain. 


INSTRUMENTS AND SYSTEMS DIVISION + 850 PASSAIC AVENUE 
EAST NEWARK, N. J. 
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a complete range of brush materials — 
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for printed circuit applications. 


Because the correct choice of contact materials for use on 
printed circuits is wholly dependent upon such factors as 
type of circuit, circuit function and mechanical design, the 
final selection of materials is generally obtained on an em- 
pirical basis. 

Baker engineers and metallurgists ore prepared to offer 
very broad, specialized experience, together with extensive 
records of performance data that can be extremely useful 
to you. They will be pleased to assist in resolving your par- 
ticular problems in this field. 

Baker-developed alloys and powdered metal products 
meet the full range of brush material requirements for 
printed circuit applications. Complete facilities are avail- 
able here for reliable design and manufacture. Send for 
literature. 


BAKER CONTACT DIVISION * 207 GRANT AVE., E. NEWARK 
HARRISON P. O., N. J 
Circle 131 on Inquiry Card 
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for detection and 
measurement of oxygen or hydrogen 
impurities in other gases 


MINOXO INDICATOR... measures traces of molecular 
oxygen in other gases—from 1 to 10 parts per million, and 
from 1 to 100 PPM. High sensitivity and rapid speed of 
response enable it to be used for laboratory investigation 
and production quality control. 
SUPER-SENSITIVE DEOXO INDICATOR... measures oxy- 
gen or hydrogen present as impurities in other gases—from 
MINOXO 2 to 200 ports per million oxygen and 4 to 400 parts per 
INDICATOR __ Million hydrogen. Dual range permits measurement up to 
.25% oxygen or .50% hydrogen. Send for literature. 
ae gunboat E CAL DIVISION 113 ASTOR STREET 
CHEMI e 
DEOXO INDICATOR NEWARK, N. J. 
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corrosion-resistant rhodium plating 


The properties of Rhodium are particularly well-suited to 

many electrical and electronic applications. In general, 

Rhodium improves efficiency whenever a low-resistance, 

long-wearing, oxide-free contact is required. Rhodium plate 

assures low noise level for moving contacts, no oxide recti- 
CVE SIE fication, low and stable contact resistance. Rhodium plated 
slip rings and commutators show negligible wear. The posi- 
tive action of plated contacts subjected to long periods of 
inactivity emphasizes the efficiency of Rhodium for safety 
alarm contacts. Excellent protection against atmospheric 
corrosion is obtained for printed circuits by plating Rhodium 
over nickel to assure long wear and low noise, or Rhodium 
over Silver to protect against tarnish and corrosion. 

In the realm of high and ultra-high frequency the high re- 
sistance of Rhodium to surface corrosion under all atmos- 
pheric conditions is specially useful. Oxide-free contacts 
eliminate partial rectification and unwanted signals. 

Call for technical assistance or write for literature. 


ATOMIC WEIGHT 


DENSITY 


MELTING POINT 


COEF. OF LIN. EXPANSION] 8.19 X 10° O°C, PER °C 


THERMAL CONDUCTIVITY} (O°C) 213 C.G.5. UNITS 


REFLECTIVITY ELECTROPLATE] 78°, AT—620 MU 


HARDNESS ELECTROPLATE] 540-640 V.H.N. 20GRAM LOAD CHEMICAL DIVISION © 113 ASTOR STREET 
coigetntnpeeeetoeeemretnentnmmenedepeemaninsanee mecclnsittiimnants NEWARK, N. J. 
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100°. OF ASSAYED PRECIOUS METAL CONTENT ~-  IRVINGTON-BAKER REFINING DIVISION 
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SOME SILICONE RUBBER “’FIRSTS*’... WHERE 
your SILICGO018S WAN PLAYED THE LEAD 


The combined technical and research fa- 
cilities of Union Carbide Corporation, 
with tremendous resources of chemical 
experience and knowledge, have brought 
about outstanding achievements in sili- 
cone rubber. Ten of these contributions, 
which industry has enthusiastically ac- 
cepted, are depicted on our film strip 
here. 

Important thing to remember: When- 
ever you need the strikingly superior 
advantages of silicone rubber, see your 


Uniocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


The term “Union Carbide” is a registered 


Union Carsipe Silicones Man first. Ad- 
vantages such as low temperature flexi- 
bility, thermal and oxidation stability at 
very high temperatures; low compression 
set; weather, ozone, oil resistance; elec- 
trical resistance or conductivity. Your 
Silicones Man has them all at his finger- 
tips. Write Dept. T7-090 
sion, Union Carbide Corporation, 270 
Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Bakelite Division, Toronto 12, Ontario. 


Silicones Divi- 


UNION 


Wiis SILICONES 


trade mark of Union Carbide Corporation. 
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NEWitcrorimen 


FLEXIBILITY - ‘wo tvets of Provides time delay or interval timing, opening or closing 
"\/ROnT on Rear @N@ OF more switches after an adjustable period of time — 
oe ta QUIRED) ee and, in addition, offers you these advantages. 


EXCEPTIONAL VERSATILITY . . . results from modular construc- 
tion concept. One basic unit plus easily assembled standard 
parts provides 12 different variations to meet a very wide 
range of physical and electrical requirements. Reduces cost, 
speeds deliveries. 

LOWER COST . . . tian other units of comparable capacity and 
quality, because of savings made possible by advanced de- 
sign and modular construction. 

ReCUIRED SIMPLE CONSTRUCTION . . . with fewer moving parts. This 
means greater dependability and contributes to lower pur: 
OF DIAL FACES — 1S COMPACT ... \%” shorter than the next smallest competitive 


(FRONT OR REAR 


MOUNTED) unit and 1” smaller than most competitive units. 


f 
Supplied for rear or panel mounting, HIGHER RATED LOAD SWITCHES . . . with your choice of one 
the ACROTIMER line is designed for 15-amp or two 10-amp switches. 


operation at 120 to 240 vac, 50 or 60 SPRING-TYPE CLUTCH .. . athe weer: 
cycles. Adjustable time ranges from 6 ont tun iti eet a life; 


seconds to 4 hours are available. For 
complete information on these timers, 
write today for your free copy of the 
new Haydon ACROTIMER Catalog. 


DIVISION OF GENERAL 
TIME CORPORATION 


TIMING MOTORS 2534 EAST ELM STREET — 
TIME AND TORQUE CONTROLS TORRINGTON, CONNECTICUT 
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A. O. Smith 
“BLANKETS” 
Its line... 





HARD-RUNNING HORSES STAY HEALTHY 
WITH THERMOSEAL INSULATION ON ALL 
A. 0. SMITH INTEGRALS & FRACTIONALS 


Protective coloring! The blankets on the 
horses of A. O. Smith are a “cool” green 
— cool because new Thermoseal insula- 


horsepower in a smaller frame. This 
means extended life and dependable 
operation under the most adverse oper- 
ating conditions. 

All the horses of A. O. Smith have 
this blanket protection at no extra cost. 


tion system can accommodate a signifi- 
cantly greater temperature rise... more 


For the complete story on Thermoseal, 
mail the coupon. 


protection with 


THERMOSEAL insulation 


INSULATING VARNISH on af! AO. Smith motors SLOT AND PHASE INSULATION is of mylar 
exceeds requirements for Class Ff, B and A type. Insensitive to moisture with high re 
ratings. This clear, thermosetting polyester sistance to solvent and chemical attack. Die 
also has high dielectric strength — maintains lectric strength is greater than aimost any 
it under Class F as we'll as less severe cond: known flexible insulating material tensile 
trons. High resistance to moisture, chemicals strength is greatest of any plastic fiber. Oper 
and oils — surpasses MIL-V-1137A require ating temperature range of -60° C to 180° C 
ments for resistance to fresh water immersion All these qualities in a single film that won't 
and resistance to salt water and acid Gry out or become brittie with age. 


Through research ES a better way Please send me comprehensive details on A. O. Smith 


‘ Thermoseal insulation. 
0 Name 
ae * 


ESN Firm 


ELECTRIC MOTORS M4 Title 
Tipp City, Ohio 


A. 0. SMITH INTERNATIONAL S. A. 
Milwaukee 1, Wisconsin, U. S. A. R City j _ Zone State 


MAGNET WIRE INSULATION — Choice of two 
at no extra cost! Polyviny! for maximum mois 
ture protection (standard unless specified 
otherwise). Or new Polyester for greatest ther- 
mal resistance (meets Class F specifications). 
Polyester type is outstanding in initial dielec- 
tric strength and retention of this property at 
operating temperatures and after exposure to 
humidity. 


eseeeeoeaeeees6 e@esexee@eseeoeee eo eee @ 


Address 


eeoeaeees ese 


Seeeeceec54q@neceqoseecescooeeseeoe @eeoeeee 0 @ 
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ARMCO sreace / tor electrical and electronic apparatus 


All Along the Line... 


Armco’s Oriented Electrical Steels 
Meet Specific Transformer Needs at Least Cost 


From power plant to the last distribution transformer on the line, 
Armco’s complete line of oriented electrical steel grades give you 
the advantages of a wide range of magnetic properties and excellent 
fabricating characteristics. In both design and production 
they enable you to improve performance and trim costs 

Besides offering an effective range of superior magneti: 
properties, Armco Oriented M-5, M-6, M-7, and M-8 facilitate 
manufacture of both stacked and wound cores. Good punchability 
and flatness not only speed shop operations but help assure 
as-designed performance. You also climinate the trouble and 
expense of high temperature heat treatment because 
magnetic properties are fully developed at the mill 

Make full use of the opportunities created by Armco Oriented 
Electrical Steels. They can reduce size and cost and step up 
the efficiency of power, distribution and high pe rformance 
transformers. Let us send you complete information. Armco Steel 


Corporation, 2850 Curtis Street. Middletown. Ohio 


ARMCO STEEL 


Armco Division + Sheffield Division + The National Supply Company + Armco Drainage & 
Metal Products, Inc. » The Armco International Corporation « Union Wire Rope Corporation 
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NEW SMALL MAGNETIC STARTER 


COSTS LESS, SAVES SPACE 
ON LOW-HORSEPOWER JOBS! 


Square D NEMA Size oo 
Starter Rated 44 to 2 Hp 
for 3-Phase Service 


e You no longer need to buy more 
starter capacity than you can use for low- 
horsepower jobs! This new Square D 
Size OO starter is compact, easy to in- 
stall, simple to use and maintain—and 

f it costs 18% less than the Size O starter 
Ain ST you formerly had to specify to get the 
ae oJ advantages of magnetic control! With 
Ps no sacrifice in quality, this new starter 
pend OPTI, provides: straight- h wiring— 
Baap pressure-type terminals— | -piece over- 
load relays for complete motor protec- 
tion— pushbutton or selector switch 
optional in the cover. Also available 

without overload relays. 


GET THE COMPLETE STORY! Write for Bulletin 
SM-297. Square D Company, 4041 North 
Richards St., Milwaukee 12, Wisconsin. 


New starter is available 
either open or in NEMA 
1 enclosure. Enclosure 


Type 
shown with selector switch 
in cover. 


CLASS 8536 


SQUARE J) COMPANY 


wherever electricity is distributed and con 
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REDUCE COSTLY “DOWN -TIME” IN 


...With Tl semiconductors and components! 


Avoid costly production loss and complicated restart caused by unscheduled “down- 
time” by applying Texas Instruments semiconductors and components to your 
industrial control system. Now, TI offers you a complete line of high-reliability 
devices specifically designed to meet the exacting demands of your industrial control 


applications. 


Take advantage of simplified transistorized circuitry te speed up production, increase 


system accuracy, minimize maintenance problems, save valuable plant space and 


handle your special control problems. 


Write today on your company letterhead to TI’s team of highly qualified industrial 


design applications engineers for expert assistance in meeting your specific control 


system requirements. 


TAPE CARD 
pa 


Wd realy & 


Tl 1N2175 photo-duo-diodes Four times more 
sensitive than any other commercially available 
photosensitive unit, the new TI PHOTO-DUO- 
DIODE is ideal for your industrial control] tape 
readout, inspection, counting, switching, inter- 
locking, and over-load protection applications. 
This new light sensing device passes up to 1200 
microamps when exposed to 1200 foot-candles of 
light and less than 0.5 microamps in darkness. 
Rated at 250 milliwatts dissipation at 25°C, the 
TI 1N2175 will operate equally well on either 
alternating or direct current and any biasing 
voltage up to 50 volts. 


SEE THESE AND OTHER Ti PRODUCTS 


AT PRODUCTION ENGINEERING SHOW BOOTH 374 


ada ta 
SYN 1 


sensistor silicon resistors Designed and de- 


veloped by TI, sensistor silicon resistors give the 
control system design engineer a lightweight, 
highly accurate and reliable temperature compen- 
sating and sensing device for industrial applica- 
tion. Featuring a predictable rate of resistance of 
+0.7% /°C, the sensistor resistor is ideal for tem- 
perature compensation from —55° to +200°C at 
frequencies up to 20 kc in amplifiers, power sup- 
plies, servos, magnetic amplifiers, computer 
switches, and thermometry. 


SEMICONDUCTOR-COMPONENTS DIVISION 


LIMITED 


TEXAS _ 2; wi 


DALLAS ROAD « BEDFORD, ENGLAND 





bf) 


YOUR INDUSTRIAL CONTROL SYSTEMS, 


TI logic circuits for industrial systems Now, let 
TI applications engineers design logic circuits 
for your specific control system requirements! 
Utilizing the ideal switching characteristics of 
TI germanium or silicon transistors, TI logic 
circuits give you a wider operating range of en- 
vironmental conditions, have lower power con- 
sumption, and lower component count with highly 
simplified circuitry. Write today on your company 
letterhead for design and application assistance 
of AND, OR, NOR, NOT, and FLIP-FLOP cir- 
cuits that will best handle your specific logic 
requirements. 


NOR LOGIC CIRCUIT 


LE 
CIRCUITS 


TI pnpn silicon controlled rectifiers Apply the 
triggering and firing function of TI PNPN Sili- 
con controlled rectifiers to your system to replace 
thyratron tubes, relays and magnetic amplifiers 
and gain over-all increased system reliability. Put 
this ruggedly packaged rectifier in use today in 
your regulated power supplies, servo motor con- 
trol circuits, static switching circuits and as a 
protective device in power output circuits. 


a das 
See) Tl power transistors Eliminate transistor paral- 


leling and reduce over-all system cost by specify- 
ing one TI germanium transistor to handle up 
TYPICAL 20 WATT AMPLIFIER POWER GAIN a 23 db to 25 amps. Select from TI’s complete line of 


Te [orcs Som germanium or silicon power transistors to pro- 
20 WATTS ‘s vide maximum reliability for your power ampli- 


ravercn 
| poms [owtel oe tm lal fier and high current switching applications. TI 


guaranteed specifications and highly mechanized 
transistor manufacturing techniques assure the 
maximum transistor reliability your high-current 
applications require. 


*Trademark of Texas Instruments Incorporated 


Tl APPLICATION NOTES 


INSTRUMENTS x332wserc 


ization for industrial contro! systems. Address 
INCORPORATED your inquiry to: Mr. Bruce Williams, Industrial 
13500 NORTH CENTRAL EXPRESSWAY + DALLAS, TEXAS Applications, P. 0. Bex 312, D » Tones. 
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The Westinghouse Electric Corp, used a Honeywell 
Model 906 Visicorder to make this directly-recorded 
chart of oil film thicknesses on the jbearing pads of a 
67,500 KW water-wheel generator rupplied for Chief 
Joseph Dam at Bridgeport, Washingt py. In these tests, 
design engineers at Westinghouse wanted to ascertain 
bearing lubrication factors (oil film thicknesses) as a 
function of rotation and speed. 


Bearings are designed so that as the water wheel gener- 
ator comes up to speed, oil is carried mechanically over 
the bearings, and develops a film thickness that varies 
from .002 to .005 inches. Film thicknesses at the leading 
edge, center and trailing edge of one bearing pad were 
relayed by magnetic reluctance thickness gauges to the 
Visicorder. The thickness of the film at each of these loca- 
tions as the bearing passed through each six degrees 
of rotation are represented by traces #6, 5, and 4 on the 
chart. Thicknesses as revealed by the test were proved 
to be close to the predicted design values. 


oll-film thicknesses 


Recent Models of the 906 Visicorder 
incorporate time limes and grid limes 
and record up to 14 simultaneous chan 
mels of data. 


eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


The NEW Model 1108 Visi- 
corder, with many automatic 
features and the convenience of 
pushbutton controls, is ideal for 
intermediate wies requiring up 


te 24 channels of data 


The Model 1012 Visicorder is 
the most versatile and conven- 
sent oscillograph ever devised 
for recording a: many as 36 
channel: of data. 


Stepben Chai and Glenn Cooper, Westin. 


se development engineers, calibrate 
the Visicorder and other equipment u 


in water wheel generator tests. 


The Visicorder was selected for these tests because, 1) 
high galvanometer sensitivities made the use of ampli- 
fiers unnecessary, 2) immediate readout was highly 
desirable and, 3) the portability and ruggedness of the 
instrument were helpful. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high- 
frequency, high-sensitivity, direct-recording ultra-violet 
oscillography. Here are some of the reasons why Visi- 
corders provide the most accurate analog recordings 
available: constant flat response and sensitivity of gal- 
vanometers; grid-lines simultaneously recorded with 
traces to guarantee exact reference regardless of possible 
paper shift or shrinkage; flash-tube timing system for 
greater accuracy of time lines; superior optics for maxi- 
mum linearity of traces. 


No matter what field you are in... research, development, 

computing, rocketry, product design, control, nucleonics 
. the high-frequency (DC to 5000 cps) Visicorder 

oscillograph will save you time and money in data 

acquisition. 

Call your nearest Minneapolis- Honeywell Industrial Sales 

Office for a demonstration. 


Reference Data: Write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 FE. Evans Avenue, Denver 22, Colorado 


th 
Pi ERING THE FUTURE 
YEAR 


Honeywell 
Hi) Qudustrial Produits Group 
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A new addition 


to VARIAN’S G-22 
Dual Channel! 
Potentiometer 
Recorder 


ADJUSTABLE SPAN 


0-10 MV To 0-900 VO 


More versatile than ever, the Varian _ but not least don’t underestimate the 
G-22 will now record from source alue of the handle o p. This re 
of almost any likely signal voltage. A corder goes wherever there is record- 
newly available plug-in input chassis ng to be done.* 

the B-22 attenuator type, is ea: 

as needed from spans as little as 1 

millivolts full scale to as high as 500 

volts. Front-panel adjustment is con 

tinuous in between for optimizing use 

of the chart'’s full width in any record- 

ing situation 


The G-22 can be your best all-purpose 
recorder in other ways too. Two chan 
nels in themselves also mean versa- 
tility—they make the recorder a cor 
relator of simultaneous variables (any 
two you choose). Two plug-in input 
chassis mean that each channel's re 
cording characteristics can be quickly 
changed. And zero can be reset any- 
where across the chart from left to 


rack 


SPECIFICATIONS, OPTIONS, 
AND ACCESSORIES 


right—each channel separately. Last — event ma 


For full specifications, write the instrument Division. 


VARIAN associates 


PALO ALTO 23,CALIFORNIA 


MAAR & EPR SPECTROMETERS, MAGNETS, FLUEMETERS GRAPHIC RECORDERS, MAGNETOMETERS. MICROWAVE TUBES MICROWAVE SYSTEM COMPONENTS HIGH VAGUUM EQUIPMENT LINEAR ACCELERATORS, PESEARCH AND OLVELOPMEN! SERVICES 
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TO THE ENGINEER 


facing an impossible situation 


If you have a “hopeless problem” in auto it is probably the most inexpensive relay 


matic control, chances are that Automatic you can use where infallibility is essential. 

Electric can help you solve it in less time than ' . 

| As a support to your design skill, AE relays 

it would normally take you 

and stepping switches are custom-made to 

What with our specialized experience in cook- . . gs : 

\ | a ili = experien : in cook your precise engineering specifications. 

ing up highly educated circuits and. compe an ’ . 

ae oe etre ee They're also available wired and assembled 

nents for dial exc hanges, we've earneda repu- 

: into complete control packages—a job we can 

tation for making ideas work automatically : ‘ 

handle for you at low unit cost 

As an example: the AE Class B premium- F 

quality telephone-type relay (illustrated) 

provides hundreds of millions of operations a 

with unfailing contact reliability, and seldom tric, Northlake, Illinois. Also ask for Circular 


needs maintenance. For this reason alone, 1702-E on Relays for Industry. 


or more information, write the Director, 
Control Equipment Sales, Automatic Elec- 


AUTOMATIC ELECTRIC _ 


GENERAL 


Subsidiary of 


: GENERAL TELEPHONE s ELECTRONICS \EE2 


Gememnnecennd 
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Breakthrough! 


PHELPS DODGE 


Si . 


has replaced six 


or more 
film wires! az Fi 


Si: 


Industry’s only multi- POLY-THERMALEZE, a Phe a Do is Applied 

purpose magnet wire Research development, nswering 
long-awaited need of the electrical equip- 
ment industry for Sal magnet wir 





Property for property, 


POLY-THERMALEZE 
matches or exceeds 
all these a . 
wires! ep #8 #8 
gé 5 85 = 
a 25 <s 6 
gu OE ORS : 
FY s8 SE s 
Qe << & <x =] ~ 
POLY- 
Bea eA 155°C rene 1400 20%-1X 
tae | sor | 140 | 20m ax : 
eo 


For the first time, POLY-THERMALEZE per- 


mits standardization to one all-around film 
within Class F (155C), Class B (130C) 
and Class A(105C) temperature ranges. 





Any time your problem is magnet wire 
nsult Phelps Dodge for the quickest, surest answer! 
ea eee ier 


FIRST FOR 
LASTING QUALITY— FE 
a tele) 5 7 ao 

PT mn ae =. ie 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 


Wagner® Type DP Motors are doubly protected by rugged, 

corrosion-resistant cast iron frames and dripproof en- 

closures. Splashing or falling liquids, corrosive acids, salts, 

Sudden Splash and alkalies can’t stop their smooth operation. Designed 
to meet a wide variety of applications— including many 

or that used to require splashproof motors —Wagner Doubly 

Protected Motors pack plenty of power into precious 

Soaking Shower little space, are lightweight, long-lived, and pare down- 
time and upkeep costs to the bone. Simply put... they 

get the job done. Let your nearby Wagner Sales Engineer 


won’t stop a Wagner® DP Motor... show you how these motors can be applied to your needs. 
Call him, or write for Bulletin MU-223, 


Warner Electric Corporation 


6454 PLYMOUTH AVE, ST.LOUIS 33, MISSOURI 


SLEEVE BEARING MODELS AVAILABLE...DP CAN BE RELUBRICATED ... Original factory lubri- COOL RUNNING... Specially designed baffles 
Motors ore built in NEMA frame sizes 182 through cation will last for many years in normal service, direct cooling air through the motor to reduce 
445U; 1 through 125 hp—1750 RPM—40°C; but openings are provided to permit the relubri stator temperature, thus increasing motor life 
ovailable with ball bearing construction as illus- cation that adds years to motor life under severe Blowers, cast as part of the rotor, move large 
trated or steel-bocked, babbitt-lined sleeve bear- conditions. volumes of air without noise or vibration 

ings. Larger motors (Type RP) are available 

through 1000 hp. wmeo-20 
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Mr. S. E. Miller 

Vice President and 
Division Manager 

f American Bosch Arma 
hows the hundreds 

of items which go into 


the manufacture 
f a fuel injection pump 


left of table) 





(upper 


MANAGEMENT OPERATING SYSTEM 
SAVES AMERICAN BOSCH $120,000 
YEARLY ON 


IBM MOS 





American Bosch has turned to IBM's new systems tech 
niques for faster, more sensitive control of its manufac 
turing cycle at the Springfield, Massachusetts, plant. 
Utilizing the IBM Ramac 305, the Management Operating 
System has been applied to Materials Planning and Inven- 
tory Management, and large savings have already accrued. 


These additional savings are ‘expected from methods 
now in use 


® sharp reduction of machine setup costs. # standard- 
ized production levels, to minimize manpower fluctuations 
and concentrate inventory dollars on active sales items. 


-TRIPLED SAVINGS ANTICIPATED WHEN SYSTEM 


SHOP ORDERS ALONE 


IS EXPANDED! 





s substantial time reduction in production schedule 
changes. # automation of annual standard cost revisions, 
with a 70% expense cut. 


When the Management Operation System is extended to 
other areas, American Bosch estimates that savings will 
be tripled. 


MOS can be applied to most industrial operations, with 
specially trained manufacturing representatives to assist 
you. IBM Balanced Data Processing provides comprehen- 
sive support in applying the system to your company’s op- 
eration. For full information, call your nearest IBM office. 


BALANCED DAR PROCESSING 
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New Century Electric single-reduction, right-angle gear- 


motor is smaller, lighter and more versatile than ever. 





New Century Electric 
Gearmotor 
combines compactness 
with dependable power 


Looking for a small gearmotor that is 
light and compact—yet able to handle 
heavy thrusts and the shock of sudden 
overloads? This new Century Electric 
single-reduction, right-angle shaft gear- 
motor may be the answer. Here are the 
facts: 


Smalier and lighter. You can cut as 
much as 20 pounds from the weight of 
any product ... in the 4 hp size, for 
example, this gearmotor weighs only 23 
lbs. New insulating materials and new de- 
signs make more compact motors .. . 
new gearing and oil seal systems make 
gear housing smaller. Result: savings of 
about 50 percent in overall size. 


Dependable power. Both motors and 
gearhead are built by Century Electric 

. means this gearmotor is backed from 
one source. Single-phase motors include 
capacitor start and split phase types. 
Polyphase motors arv squirrel cage de- 
sign. 

Little or no service is needed because of 
features like: 


High quality BE ow system — Worm 
gear is made tough silicon bronze. 

orm is made of hardened, high-grade 
steel. Both can withstand sudden shocks 
and overloads. 


Dependable sealing system—No 
oil can get from gears into motor and 
cause costly shutdowns. A face-type seal 


with spring backing is used on the high 
speed shaft. A lip-type seal is used on 
the low speed shaft. 


Output-shaft roller bearings—Rol- 
ler bearings on output shaft provide 
reserve strength so motor can handle 
heavy radial and thrust loads and sud- 
den shocks of overloads. Bearings are 
precisely aligned so worm and worm 
gear operate efficiently and quietly. 


All-angle oiling—No matter at what 
angle motor is mounted, the worm or 
worm gear is always dipping in oil—so 
gears are always well lubricated. Means 
less wear and longer life. 


Versatile mounting. You have com- 
plete freedom in mounting. Here’s why, 
‘The gearhead can be assembled in four 
different positions in relation to the 
motor (the diagram below shows three 
of these positions) . . . shafts can extend 
from either or both sides of the gear- 
head . . . oiling and sealing systems make 
it possible to install gearmotor at any 
angle. 


You can get more information from 
your nearest Century Sales Office or 
Authorized Distributor. Variations are 
available to fit specific design needs. Yor 
a copy of the new Century Electric 
Motor Application Guide, write for bul- 
letin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Both polyphase mofors ond single phase, ca- 
pacitor start motors are available in the new 
Century Electric gearmotor. 
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Three of the four possible mounting posi- 
tions of gearhead . . . shaft can be extended 
from opposite side in all cases. 





SILICONE NEWS from Dow Corning 


For Greater Reliability 


Potential for Insulation Systems Made 
From Silastic Goes Up and Up! 


Insulation systems made from Silastic®, the Dow Corning silicone rubber, 
are being used on more and more machines, on machines designed for 
higher and higher voltages. 


Take the 4,500-kw, 4,160-volt engine-type generator shown above, for 
example. Built by Allis-Chalmers, this generator features an insulation 
system made from Silastic. 


A midwest steel mill specified silicone rubber insulation for the 11,000-volt, 
3,000-hp. Allis-Chalmers Type AKG sintering-fan drive-motor shown in 
the inset because of outstanding performance from similar motors designed 
for voltages ranging from 240 to 6,600. 


Your nearest Dow Corning office is the 
number one source for information and 
technical service on silicones. 
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Combining high resistance 


insulation 
systems made from Silastic are winning in- 


temperature 
with self-protecting qualities, 


creased acceptance for equipment subjected 
to moisture, heat and thermal cycling. 


Silastic retains excellent electrical and 
physical properties from 90 to 250C, 
resists arcing, ozone, corona. Vulcanized in 
place on coils, it forms a homogenous in- 
sulation jacket that is impervious to mois- 
ture and other contaminants. Resilient, it 
is unaffected by thermal cycling . . . hair- 


line cracks do not develop. 


For the best in silicone rubber insulation, 
specify Silastic. 


FS TR I RNS a _ 


Dow Corning 
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...Design with Silicones 


Silence Solenoids with Silicones 


The entire operating mechanism of their new Silent Knight 
Gas Valve, manufactured by White-Rodgers Company, St. 
Louis, is immersed in Dow Corning 200 Fluid. Enclosed in 
an unbreakable metal case, the viscous fluid slows the 
mechanism, cushions the components and makes them 
silent. Eliminated are the characteristic “snap” of the 


relay, the “hammering” of the plunger, some of the un- ; I ' a pivot smart | 


desirable “pop” of gas ignition. Silicone fluid is the ideal 
damping medium because it doesn’t thicken or thin with 
temperature changes, has excellent dielectric properties. 
Noncorrosive, resistant to oxidation and to breakdown 
under shear, Dow Corning silicone fluid assures long- 
time, reliable service. 
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Cut Weight with Silicone Laminates 


Insulation components made from silicone-glass laminates 
help improve the design and performance of electrical 
equipment like this 100-kva, 3-phase Pennsylvania Trans- 
former. Bonded with heat-stable Dow Corning silicone 
resins, glass laminates have high arc resistance, low loss 
factor, low moisture absorption . . . excellent mechanical 
and dielectric strength even after prolonged aging at 250 C. 
Used with other silicone insulation components, silicone- 
glass laminates permit transformer designs that are lighter 


eee iT Litt t iit iit et! 
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in weight, smaller in size, easier to install and maintain 


than transformers using any other class of insulation. 
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For Teamwork Specify Silicones SILASTIC INSULATED 
LEAD WIRE 


SILASTIC GASKET J SILICONE 
: pa INSULATED COIL 


T his magnet clutch, produc ed by Vic kers Incorporated, 
Electrical Products Division, Sperry Rand Corporation, 
assures smooth acceleration of rotating equipment without 
chatter or grab. Since the Magneclutch can slip continu- 
ously, heat is produced. One critical component requiring 
silicone protection is the excitation coil which produces 
the torque-produc ing magnetic field. Insulated with sili- 
cone components, and dipped in Dow Corning 997 Var- 
nish, it permits operating temperatures of 180 C and better. SILICONE 
Other Dow Corning silicone materials in the Magneclutch: GREASE 
mechanical gaskets, lead wire insulation, bearing lubricants. 
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TY Versatile ew MIL Spec Modules 


black boxes. These boxes can help you design more compact- 
ness and less weight into your systems. Phone or write your 
nearest John Oster office today. 


range is 85°C to +105°C. Basic units can be modified 


GENERAL ENVIRONMENTAL CONDITIONS 


TYPE 9805-20— 
SYNCHRONIZER 


Same as 9605-1 


Transtormer 


ad—Mir 


TYPE 9616-08—-DEMODULATOR 
AMPLIFIER 


Input impedance— 


sreater than 25.00 


Output Impedance— 
2830 ohms (Dua 
Voltage Gain— 


Supply Voltage— 


TYPE 9616-08—SERVO ACTUATOR 
AMPLIFIER 


Input Impedance— 
Greater than 50.00% er 


Output Impedance— 
400 ohrr 
Voltage Gain— 


eater than oO 


Supply Voltages— 
100.0 volts C 


ain Variation 


Linear ty 


GENERAL PERFORMANCE SPECIFICATIONS 


Less than 10% due to any given parameter 
extreme variation. 
Better than 10% through 
80% of full output 


the rar 


than 5% of maximum 


Less 


ss than 8 degrees 


TYPE 9805-19--SYNCHRONIZER 


i excer 


TYPE 9616-07—S YNCHRONIZER 
AMPLIFIER 


Input empesence— 
water than SO Om 


Voltage Gain - 


eater tr 


Load— 


TYPE 9616-15—RELAY 
AMPLIFIER 


Input Impedance— 


eater than 15.008 


-— Sper | Voltage— 
7 * Vw ‘ 
Relay Opening Volt 
- Relay Contacts— 


ry Circuit 
Supply Voltage— 


¥ 


MANUFACTURING CO 
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Motor sterence Phase— 
5 ts, 2.2 wat ay 


Generator Exc itation- _ 


a 


age= 


Motor Control! Phase— 


bry 


Generator Output— 

3 volts/1000 R.N.M. Mir 
Control Transformer Speed- 
100 degrees/se nd-Mir 

Control Transtormer— 

nn Oster Mtg 4063-19 
Motor Generator— 
4a John Oster Mfg 6232-17 


ts, 1.7 watts, 40 


t 3 wat 


TYPE 9616-16—4-CHAN NEL 
ISOLATION AMPLIFIER 


Input Impedance— 
1200 ohms per ct 
Voltage Gain-— 


Load Impedance 


Supply Voltage— 


e A 


TYPE 9616-06—SUMMING 
AMPLIFIER (DUAL) 


Summing Inputs— 


hanne 


Gain- 


Input Impedance 


Load Impedance 


Supply Voltage 


OTHER PRODUCTS INCLUDE 
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WHAT’S DIFFERENT ABOUT 
JazL PRECISION STRIP STEEL? 


The big difference in J&L strip steel is controlled uniformity. 


When J&L Precision strip is ordered to exacting specifications, you can be sure 
that your specifications will be met ... inch after inch, coil after coil, time 
after time. 


The dimensional accuracy of J&L strip steel, consistently maintained, offers many 
cost-saving advantages. This means fewer rejects; fewer production problems; 
less down-time for tool adjustment. This means that you are getting the steel you 
pay for... in terms of maximum product yield per ton. 


How? 

By delivering the steel you order . . . to your specifications . . . J&L helps you to 

achieve optimum production with control of in-plant fabricating costs. 

The experience, facilities, and accumulated know-how of a specialized organiza- 

tion . . . directed exclusively to the processing of low carbon, high carbon, alloy, os ’ ye e 
tempered and stainless strip steels . . . are available to work for you. For assist- 

ance in solving your problems, call your J&L Stainless and Strip Division repre- LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
sentative; or write to Dept. 233-Y—1015 TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


‘ 


BH) Jones & Laughlin Steel Corporation - STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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The POWER behind the leading products 
-3500 STANDARD 


built-to-order Bodine Motors! 
300 STOCK Bodine Motors! 


FOR office machines, instruments, timing devices, pumps, 


coin-handling equipment, communication equipment, 


therapeutic devices, sound-recording and reproducing 


equipment, machine tools, plus many other applications. 


TYPE N MOTORS: 


Bodine Type N Motors are manufac- 
tured in three basic sizes, with each 
size available in several different 
lengths. The smallest is only 33/,” in 
diameter ...the largest just over 5'/,” 
in diameter. Standard ratings range 
from 1/150 to 1/6 horsepower at 
1725 rpm... however, Type N Motors 
can be furnished in other ratings and 
speeds. Windings available: split 
phase, capacitor, synchronous, shunt, 
compound, universal {series wound, 
including governor controlled) 


300 Different Stock Type of Motors Availa 


TYPE K-2 MOTORS: 


The K-2, which is one of the smallest 
distributed wound motors manufac- 
tured today, is only 23/,” high. Nor 
mal 60 cycle output ranges from 
1/2000 to 1/500 horsepower on con 
tinuous duty. Power is substantially 
greater than motors of clock type 
construction. These motors are well 
suited tor applications, such as tim 
ing devices, instruments, and related 
equipment which calls for relatively 
low output, and continuous trouble 
free service 


TYPE V-10 MOTORS: 


Supplied with a series winding, the 
V-10 has variable speed choracter- 
istics, and a full load speed of 5000 
rpm. It has a high starting torque and 
rapid acceleration, and can be oper- 
ated on either DC or AC. This is a 
compact motor and offers generous 
power with light weight and small 
enclosure. Three tapped holes in the 
end shield allow end mounting. Op- 
tional horizontal base mounting re- 
quires a motor frame strap 


ble Immediately from Distributors Located in Major Manufacturing Areas 


AND a wide range of special purpose motors 
and modifications 
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Small Speed Reducer 


Motors in over 1600 


standard specifications! 


TORQUES 
1.3 in. oz. to 350 in. Ib 


SPEEDS 
0.6 to 300 rpm. 


RATIOS 
6:1 to 2880:1 


*- > BB 


.. Speed reducer motors de- 
os to eames low torques over 
a wide range of speeds. Motor diameter 
about 2%" to 3%". Worm of hardened, 
long-wearing, nitralloy steel cut on motor 
shaft (except for the low powered V-10R 
ond NSP-11R). Laminoted bekelite pri- 
mary gear. Secondary gear, bronze on 
rotios 180:1 of more; laminated bokelite 
on lower ratios. Ratios—Single Reduction 
Ratios— 6:1 to 30:1 Double Reduction 
Ratios—36:1 to 1120:1. 


Group 4...A double worm-gear reducer 
for transmitting high (up to 219 in. tbs.) 
torques at low speeds. Motor diometer 
approximately 4%". Worms are occu- 
rately ground from hordened steel. The 
bakelite primary geor assures quietness; 
the hard bronze secondary gear provides 
long life. Ball bearings used throughout. 
Reduction ratios range from 72:1 to 
2880:1. Any specified mounting position 
may be obtained except gear head over 
motor. 


Group 2... A double worm-gear speed 
reducer to deliver moderate 
(up to 52 in. Ibs.) torques at low speeds. 
Diameter of motor approximately 3%,”. 
Both primary and secondary worms ore 
of hardened nitrolloy stee!. Laminated 
bokelite primary gear. Hard bronze sec- 
ondary gear. Motor shaft has prelubri- 
cated ball bearings. Secondary and 
driveshafts hove bronze sleeve bearings, 
grease lubricated. Reduction ratios—60:1 
to 1350.1. 


Group 5...A single reduction, right- 
angle worm-geor reducer, capable of 
transmitting substantial (up to 73 in. Ibs.) 
torques. Motor diameter 4%" to 5%". 
Seporable hardened and ground steel 
worm. Gears of laminated bakelite or 
hard gear bronze, depending on torques 
delivered. Motor shoft has ball bearings, 
grease-lubricated with self-seals. Ratios— 
10:1 to 60:1. 


BODINE 


aera) 


MOTORS 


BODINE ELECTRIC COMPANY 


horsepower 


FREE 


12-page technical 
bulletin 


Additional detailed 
information on the 
more widely used 
Bodine Motors is 
contained in newly 
revised bulletin S-2 
Copies available 
on request. 


2506 West Bradley Place Chicago 18, Illinois 


OCTOBER 1960 
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transmitting moderate (up to 21 in. Ibs.) 
torques. Diameter of motor approximately 
36" to 4%". Separable hardened and 
ground steel worm. Laminated bakelite 
geor on steel hub. Motor shaft has ball 
bearings with built-in grease seals. Ratios 
—10:1) to 60:1. Motor Mounting—Any posi- 
tion except with gear housing above 
motor. 


Group 7...Extra rugged reducer for 
driving heavy (up to 198 in. Ibs.) loads 
continuously with ample reserve for over- 
loads. Loads are carried on ball bearings. 
All forces directly transmitted to the 
motor feet. Separable steel worms are 
hardened and ground. Gear is of bronze. 
Ratios—8:1 to 48:1. Motor may be as- 
sembled to mount in any position except 
geor head over motor. 


K-2 Speed reducer motor designed for 
continuous duty applications requiring 
sturdy construction and exceptional re- 
liability. Small, rugged. Available with 
built-in spur or helical gearing. Syn- 
chronous or nonsynchronous. Distributed 
windings are used for highest efficiency. 
Speeds 300 rpm. to 0.7 rpm. Torque 1.3 
to 120 inch ounces. Frame-die cast zinc 
except for the steel laminations. Ball bear- 
ings are standard. Ratios—6:1 to 1800:1. 
Capacitor is included with each motor. 





Free from Thermal Fatigue 


GENERAL ELECTRIC 6,12 AND 25-AMP SILICON RECTIFIERS 


SOFT SOLDER FAILURE—As soft-solder joints NO THERMAL FATIGUE — General Electric 
are stressed by cyclical loads, solder begins uses only hard solders in medium and high- 
to re-crystallize. (Photomacrograph above _ current silicon rectifiers. (Note sound condi- 
shows soft solder after 7000 cycles from 25°C tion of G-E hard solder shown above.) 
to 160°C.) This causes heat dissipation path Cycling tests on large samples of G.E.’s 
of rectifier to deteriorate until junction tem- 1N2154 reveal no trace of thermal resistance 
perature reaches melting point or thermal deterioration after 70,000 temperature 
runaway condition, and device fails. cycles from — 35°C to 200°C. 


A close look at the specs shows three more Max lox 
. . @ 145°C Max 
reasons why G-E medium currents are your JEDEC or Stud Peak 
i GE Type Single Repeti- Tromsient 1 Cycle 


best rectifier buy: (1) Lower leakage currents; Number Phase tive PRY PRY Surge 


(2) high surge current ratings for the new ako 


1N1341A through 1N1206A and 1N2154 ne 
through 1N2160; (3) transient PRV ratings which let you westenA 
buy only the continuous rating you need and still be fully iniaer a 


protected for occasional transients. All units are available ane 


with negative polarity (at no extra cost) and come in a aoicee 


choice of hex sizes. 1N1202A 
. , ° ° jake 1N1203A4 

For the industry’s fatigue-free medium-current silicon 1N1204A 

ge - . . ° . 1N120S5A 
rectifiers, see your G-E Semiconductor District Sales 1N1206A 


Manager or Authorized Distributor. Jn Canada: Canadian 1N248 
General Electric Co., 189 Dufferin St., Toronto, Ontario. aaa 


Export: International General Electric Co., 150 E. 42nd St., ae 


New York 17, N. Y. 1N250A 
1N2154 


Circuit designers: Make your job easier! Write for a free copy nomen 


of “Characteristics of Common Rectifier Circuits.”’ Contains 1N2157 
. ’ on ° ° 1N2158 
basic constants you'll use every day on rectifier circuits and 1N2159 


transformer design — all in handy, easy-reference form. pe 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


Section $20100 Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 


8s 
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if miniaturization has put your circuits in a tight spot, you can build reliability right into them with the AMP 
Taper Technique . . . formed taper pins or new solid, pre-insulated taper pins . . . two-piece or molded one-piece 
stackable blocks . . . plus a wide assortment of taper receptacles. 


The AMP Taper Technique offers the most complete line of taper products available plus many extra features. 
A three-and-a-half degree taper assures the firmest fit of pin in block. A-MP Pull-Test Insertion Tools assure the 


proper seating of pins. Hand and Automachine crimping tools assure uniformity of pin attachment to your 
circuit leads. 


And—with the addition to the AMP Taper Technique of the new Solid Pre-Insulated Diamond Grip Taper Pin 


and the new one-piece warp-free block, you can have the greatest flexibility of product choice for your circuit 
design and manufacturing operations. 


You can concentrate more circuits in a smaller space—and be sure of reliability when you use the AMP Taper 
Technique. Send for our new catalog today. 


AWIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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TEFLON 
FILMS 






CLASS H 
INSULATING TAPES 4 





TEFLON* 
TUBING SILICONE RUBBER 


COIL WRAPPINGS 








INSULATING 
COMPOU robs 





Whatever the job... ERMACEL 


NEW BRUNSWICK, NEW JERGEY + TAPES + ELECTRICAL INSULATING MATERIALS + ADHESIVES 








cd 
a 
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COMPLETE QUALITY CONTROL for BETTER ELECTRICAL SHEETS 


The dependable uniformity you demand is attained by our 
special electrical sheet department's strict adherence to specifi- 
cations, their skillful operation of modern facilities, and per- 
sistent laboratory checks at every step. The result is sheets of 


known core loss properties, gage structure, permeability and 


punching qualities. Free from burrs and breaks in punching, 


easy and economical to assemble, Acme-Newport electrical 
sheets for almost half a century have continued to meet every 
requirement of manufacturers and users of rotating equip- 


ment. Our metallurgists would like to give you details. 
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How CMPC handles this 
controlled heat Toastmaster Fry Pan 


Molded plastic handles for kitchen utensils are nothing unusual. But, like 
everything else about the new Toastmaster Fry Pan, this is no ordinary handle. 
First, it is molded in one piece. That means there are no cracks, crevices or screw 
holes for food to lodge in. And it means simple, fast assembly, too 

Furthermore, both the handle and the removable automatic heat control are 
molded of Bakelite phenolic molding compound designed specifically for maximum 
heat resistance and insulation. The lustrous finish is readily washable and is unaf- 
fected by chemicals, acids or food stains. 

As usual, the broad experience of Chicago Molded, its knowledge of materials 
and techniques, and its modern mold-making and production facilities combine to 
produce the best in molded plastics. And again, as usual, the best costs no more. 
Why not discuss your next job with a CMPC engineer? Just write or phone. No 


CMPC 


CHICAGO MOLDED 20 wa Mca CORPORATION 


See Sweet's Product Design F de 
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SWEEP WIDTH FACTOR 


Now, &3KF reduces the noise level 
of ball bearings by 50%! 


fa ne 
SoS 


New ball bearings run twice as quietly as 
standard single-row deep-groove bearings — six 
times more quietly than bearings produced just two 


years ago. 


They’re designed especially for applications where 
noise is an important factor. Eight manufacturers, 
who use-tested them for over a year, now back-up 


their approvals with repeat orders. 


Every bearing meets new, more critical standards. 
Each type and size meets special requirements for 
reduced vibration, Every ball meets very low wavi- 
ness limits. Each cage meets critical standards for 
smooth, quiet performance. 


SOS will make a comparison check of these im- 
proved bearings against the bearings you're now 
using. See for yourself! Just call the S&S branch 


office nearest you. 


every tTrec-avery vee 


okF. 


SEF IHOUSTRIES INC. PHILADELPHIA 32 FA 
ture Bearings 


Circle 156 on Inquiry Card 





By incorporating Alcoa® Aluminum into your prod- 


& 
ucts, youll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 


cators, whatever the joining method .. . welding, 


brazing, bolting or compressing. 
For example, Alcoa Aluminum is low in cost... 


be & 
lighter in weight .. . easier to handle . . . nonmag- 
netic ... corrosion resistant ... strong in alloys... 
BeSEa offers more current-carrying capacity per pound... 


is easy to spin, form, bend, roll... can be cast, forged, 
extruded or drawn. 


Ask your Alcoa sales engineer to show you how 
you can put the benefits of Alcoa Aluminum into your 
® products. Aluminum Company of America, 2130-K 


Alcoa Building, Pittsburgh 19, Pennsylvania. 


Compression welding of Alcoa Aluminum is especially suited for 

fast, strong welds of nonheat-treatable alloys in the annealed 

condition. This method is utilized by manufacturers in several in- iia 

dustries for making lap welds in sheet and foil, butt welds in tube } Your Guide to the Best 
and sheet. Butt welds are also obtainable in bars or simple ex- in Aluminum Vatue 
truded shapes. No flux is required ... resistance tocorrosionisas | ALCOA FY. 

good as the parent metal . . . heat cycle tests confirm that sound ALUMINUM 

electrical connections in both aluminum to aluminum and alumi eumeneehesmnehetemenns 

num to copper may be accomplished. if 
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verity 
events 
permanently 
In 
milliseconds 


Brush Operations Monitors’ response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defined from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. “Built-in” transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 


Monitors for industrial and military analysis 


and control. Write for complete specifica- brush INSTRUMENTS 


tions and application data. 
Division oF 


377 AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 


Cosroration 





compact 

transistor switching — 
for * 
millisecond 
monitoring 


it Hl uit kt Hi 


‘9 We a “e! shone a a > 


The new Brush Trans-Switcher eliminates relays—greatly simplifies your problems of operations monitor- 
ing. Designed to take full advantage of the fast response and high resolution of Brush Operations Monitors, 
this compact, solid-state switching unit accepts up to 100 different ‘‘on-off’’ signals in a broad range of 
pulse shapes and amplitudes. Interchangeable, plug-in decade boards are designed to accept different 
voltage ranges and modes of operation. Avoid the “black box’’ approach—specify the standard Brush 
Trans-Switcher for the ultimate in precise, reli- 

able monitoring. Write for complete details. rush INSTRUMENTS 


—— 
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count them... 


...9 basic types 


temperature-compensated motor-tachometers 


Only at Daystrom's Transicoill Division can 
you find such a splendid array of temperature 
compensated high-accuracy motor-tachometers. 


Here’s the lineup: 

4- and 6-pole in Sizes 8 and 11; 4- and 8-pole in 
Sizes 15 and 18; and a special high-torque 4-pole 
model in Size 18. But this is only the beginning— 
it doesn’t include all the variations in motor wind- 
ings and shaft configurations that we can conjure 
up to meet unusual requirements. 


And what about performance? Let us 
merely assure you that these are the most tem- 
perature stable servo components of their kind 
we've ever had the opportunity to test. 


SDAYSTROM , incorroratend 
iW 


TRANSICOIL DIVISION 


€ Circle 159 on Inquiry Card 


Deviation of Output Noltage VS. . Ambient Temperature 


% DEVIATION OF OUTPUT VOLTAGE 


‘ +100 
AMBIENT TEMPERATURE C 


Ask to see our specification sheets and then 
discuss your needs with Daystrom’s Transicoil 
Division. 


Foreign: Daystrom International Div., 100 Empire St., 
Newark 12, New Jersey. Jn Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER - MONTGOMERY COUNTY”. PENNSYLVANIA 
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Now! Pay less 
for fractional H.P. 
Induction motors 

with this new 

lower cost 

HEU 


Howard offers a complete line of 


For typewriters, Business Machines, 

Tape Recorders, Record Piayers, Appliances... 
Quality construction and performance 

at Lowest Prices! 


4 pole ratings from 15 milli-h.p. to 1/20 b.p. « 
Available in hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start models « 


3” diameter « Single or double shaft « Mounting and 

performance characteristics designed to your requirements « . , 

Sturdiest frame in the small motor field Pp 

Howard now has the privilege of offering this HOWARD 
powerful new top quality induction motor at almost 

shaded pole prices—an opportunity affording pie gr 
tremendous economies for manufacturers of a wide | Ee 

range of products. If you have an induction 

application in the works or a project in mind, send 

us your specifications and we'll rush you a sample. 

Check its construction and performance . . . 

then note the price. This is an extraordinary value, Write for samples and prices on this 
demanding your attention. Contact us today, new cost-cutting induction motor 


ELECTRO-TECHNOLOGY 





RATINGS FROM 1/1400 TO 1/4 H.P. 


Shown below is a representative selection of the Howard 
induction line. A wide range of standard motors and 
variations in synchronous, non-synchronous, hysteresis, 


ws, 


MODEL 2900 
TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 


Induction 


torque and servo types is available for quick delivery. 
Send us details of your application—check with Howard 
before you specify. 


DIAMETER: 3.5/16 
LENGTH; 4-25/32" to 5.21/32" ball beor- 


ing 

5.5/16" to 63/16" sleeve beoring 
HP. °1/7000 1/15 
FULL LOAD TORQUE OZ. IN: *10.0 to 30 
BEARINGS: Bronze sleeve type with oil 

reservoirs, of permonently ltubricoted 

seoled ond shielded bali bearings 
*Dependent on type of motor used: ie 
Non Synchronous Copocitor Motors, 
Stenderd synchronous, Motors, Myster- 
esis Synchronous Motors. Torque Motors 


MODEL 2500 

TYPE: 2 pole or 4 pole induction 
DIAMETER: 2-916" square 
LENGTH; 1-7/8" t0 2-38". 
SPEED: *1200 to 3600 R.P_M. 

H.P.; 1/300 to 1/1400. 


MAXIMUM TORQUE OZ. IN.: *1.6 to 3.5. 


BEARINGS: “Ball or sleeve. 

"Dependent on type of motor used, Le. 
Non-Synchronous Capacitor Motors, 
Torque Motors, Stendord Synchronous 
Motors, Hysteresis Synchronous Motors. 


MODEL 9200 


TYPE: Induction, torque, synchronous 2, 
4, 6 or 8 poles, 25 to 60 cy single 
(capacitor) two or 3 phose. 


H.P.: 1/250 to 1/50 continuous or inter- 
mittent duty. 


R.P_M.: 900 to 3600. 


DIMENSIONS: 2-7/8" x 2-7/8" by 4-1/32” 
to 4-13/32". 


MOUNTING: Pod, resilient ring, face ex- 
tended bolts. 


BEARINGS: Porous bronze sleeve, (ball 


bearings ovoilable ot request). 


fractional H.P. Induction Motors 


MODEL 3700 


TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
Induction. 


DIAMETER: 3-7/8". 

LENGTH: 5-1/16" to 5-11/16 

H.P.: *1/25 to 1/7. 

STARTING TORQUE: *13 oz. in. to 30 oz. 


m. 
BEARINGS: Porous bronze type with oil 
reservoir 


*Dependent on type of motor used; i.e. 
Normal induction Motor, Hysteresis Syn- 
chronous Motor. 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731; Teletype: RAC344 


Sales Offices: Cincinnoti 2, O., 1077 Celestial St., PA 1-2985 
Chicago area: 576 Northwest Hwy., DesPlaines, Ill., VA 7-6173 Festus, Mo., 1049 Front St., YE 7-3606 


New York crea; 157 Broad St., Redbank, N. J.., SH 1-335 Los Angeles 36, 942 S. LoBrea Ave., WE 8-2444 


Representatives in Principal Cities —Consult Your Classified Phone Book 


Ene) ELECTRIC MOTOR CORPORATION eS CYCLOHM MOTOR CORPORATION Cs) LOYD SCRUGGS COMPANY 
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The Amplexologist is sometimes detected about 
to pocket a part in a prospective eustomer’s, 
plant. Especially a part being machined from a 
rough casting or hogged out of steel. Just the 
sight of it starts wheels whirling in the Amplex- 
ologist’s head. 


Why all the machining? Is this scrap necessary? 
Could we make the part out of powder metal? 
Eliminate machining costs. Eliminate scrap. Deliver 
a finished precision part for the price of a rough 
casting. Less, maybe? 


Well! Thoughts like these are enough to make 
the Amplexologist forget his mother’s maiden 
name. No wonder it sometimes takes a pointed 
stare to remind him to ask permission to pick 
up the part and take it back to the office and 
figure precisely how to make it better and 
cheaper through advanced powder metallurgy. 


Customers usually forgive him the sins of his 
enthusiasm. It has saved them thousands of 
dollars. We can afford to forgive him, too. He 
has helped make us the world’s largest, most ex- 
perienced producer of powder metal parts. He is 
the reason manufacturers say: When it comes 
to powder metallurgy —Amplex has the answer. 


FOR THE BENEFIT OF SKEPTICS... 


The part shown is a combination gear 
and compound cam. Formerly, it was 
an 8-piece assembly: fibre gear, steel 
flange, horizontal] steel cam, vertical 
steel cam, four steel screws. Then the 
Amplexologist went to work. Today, 
the part is produced by powder m.tal- 
lurgy as a single unit—a finished preci- 
sion part that requires no machining. 

Cost reduction: about 90%. What's 
more, the powder metal part provides 
longer wear, quieter operation. 


Photograph permission RCA. 


— COUPON .. . if you'd like to talk over 
your product with the Amplexologist. Don't hesi- 
© tate. He's always happy to get out of the office. 


i | AMPLEX DIVISION « CHRYSLER CORP. « Dept E10 
k P.O. Box 2718 « DETROIT 31, MICH. : 


| Please have the Amplexologist call to look into the 
[sity epee tats wr prt 


; NAME__ 

"COMPANY 
DIVISION 
CHRYSLER , 
CORP, : /s Ferry 


PRODUCT 


a, 4 ADDRESS 


OCTOBER 1960 Circle 162 on Inquiry Cord 





new 


ON WESTINGHOUSE 
SILICON POWER 
TRANSISTORS 3%. 


AVAILABLE NOW IN ANY QUANTITY! Now you can have the proven 
quality and reliability of Westinghouse Silicon Power Transistors at the lowest 
cost yet. Types 2N1015 and 2N1016 are available in 30, 60, 100, 150 and 200 
volt ratings in production quantities to meet your requirements at all times. 
Because these transistors have True Voltage Ratings, they can be operated 
continuously at full published voltage ratings without risk of failure. 





Other Westinghouse Transistor advan- 

tages include: 

@ High Power...up to 150 watts 

@ Collector current to 7.5 amperes 

@ Junction temperature to 150°C 

@ Designed to meet or exceed MIL Each 


specifications Westinghouse True Voltage 
@ Extremely low saturation resistance Silicon Ratings—you can 


Present industrial and military applica- Power Transistor is operate Westinghouse Silicon 
tions include: Inverters - Regulators « guaranteed by 100% power Power Transistors at full rating 
Amplifiers - High Power Switching - testing before shipment. without risking transistor failure. 


Telemetry - Guidance - Power supplies. - ; i ” : 
For additional information, and quo- Fe ee 


tation of new low prices, call your near- from these Westinghouse distributors: 


‘ . ouse re sntatir EASTERN MIDWESTERN 
est Westinghouse representative or ‘ii pate tejnsen gemm quan maeeeee 


semiconductor distributor. Or write: CRAMER ELECTRONICS, INC anne,  quepaues ens 6 ental , Saa oeen 


Westinghouse Electric Corporation, 2] stctrome srry Sraewen, FENEYOADON = Ee CeENSETING 8 clean WATER Daan 
GENERAL RADIO SUPPLY CO. INC Camden, 8.) /“WO 4.4560 no . 


Semiconductor Department, Young- > SEMICONDUCTOR SPECIALISTS, INC. Chicago, Ill_/NA 2-8860 


KANN-ELLERT ELECTRONICS, INC Baltimore, Md /TU 9.4242 UNITED RADIO, INC Cincinnati, Ohio//MA | -6530 


wood > Pen na. You can be sure MILGRAY ELECTRONICS New York, .Y_/RE 2-4400 WHOLESALE ELECTRONICS SUPPLY Dalles, Texas/TA 4.3001 
oe : WESTERN 

if it’s . RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT 16080 gi map ELECTRONICS Oakland, Call /TE 4.3311 

Westi n 0 use SCHWEBER ELECTRONICS Long Island, N.Y_/Pi6-6520 HAMILTON ELECTRO SALES Los Angeles, Calif /BR 2-8453 

NEWARK ELECTRONICS CO. Inglewood, Cald /OR 4-8440 
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ZERS in 10 years! 


These pages from the new (fp) catalog 


Transistorized — Directly 
ures Wave Components 


New, 
Meas 


Advantages: Tew Move 302A Wave Analyzer represeng 
No calibration or stabilization needed nificant impro¥ ement im wave analyzer Sa 
D | transistorized, sophisticated in desi 
irect readings ; accurate : { tedious calibration and stabiligarien 
50 KC use—these are but a few of the important conveni 
res in the new 302A. 


Measures frequencies 20 cps to 
accuracy featu 
ures are low power 


storizea 
Orher exceptional feat 
he order of 2 watts), provision for battery af 


ip needed (18 to 28 volts) 45 well as ac line power, and elingj 
of warmup time. 
al 
z 


Very sharp acceptance circurts 
Simple Operation a 


AFC; also frequency restorer’ ircuit 
In operation the instrument functions as a high} _ 
A front panel control selects a : 


4 voltmeter 
be measured and voltage is th 7 
& en read direesie 


the front panel meter 
Model 302A functions by se ’ 
a -- parating = a¥ 
an fle 


Uses: 
Basical ’ 
jividual cou ponents t 
! P sO hat cac ans th - 


amentals, 
> wie 
harmonics and any intermodulation produs 


Completcly trans 


Battery or ac powere {: hum free ; 
in 


Low power consumption ; 7° warm 


Compact, rugge versatile 
tive runec 


quem y to 


Measures and analyzes fund 

intermodulation products in relemetering, 

systems as well as audio circuits. Speeds damental, 

| broadcast amplifier characte! may be evaluated spore 

flm sound track and The instrument operates by mixing the input signal 

i ernal oscillator adjusted to provide a diffe 

acteristics, quency of 100 KC. An automatic frequency pe ‘a 

etc. maintains @ constant diflerence frequency oan Cl - 
put and oscillator signals. [his insures accurate the in 

ments despite frequency drift in the input signal. 


modulation by a voltage from the internal oscil 


carrier and signal inte 


vibration 
analysis of nore an 
lation amplifier, 
network char 


mstics mod j 
an int 


recording distortion, hum 





announce the 


ignal is h 
sri ped hugh narrow-band cry filter, am 


Frequency Restorer 


A frequency restorer circuit makes 
measurements possible at each eadibnants to Sead ‘ 
the input wave. This circuit supplies « sinuscidal i ‘I ‘ 
the frequency of the specific component which ca aan. 
ured on an electronic counter or observed on a ill 
scope. The amplitude of this signal is determined ‘by the 
level of the selected component. When the a ee 
switch is in the normal or AFC position, the Som oe 
at the output terminals if the meter is indicate . 

Model 302A is also particularly useful faa aan 
small signals on noisy systems or transmission lines. When 
the mode selector is switched to “BFO” the inst 
becomes an oscillator and tuned voltmeter essdeehtity 
tuned by one control to the same or oscillator fr os : 
The selective tuned voltmeter then Gatitadinsnen' taniout 
the noise and measures the desired signal 5 

Speed and accuracy of measuring is enhanced by a lin- 


early calibrated tuning ¢ ivi 
v control giving t “oun 
feel” throughout range. Oring he came “tening 


Basic Laboratory instrument 


Covering the frequency range of 20 cps to 50 KC. the 
new 302A is equipped to perform a wide variety of dail 
measurements. It has broad usefulness not onl ¥ id : 
measurements but in vibration work, telemetry > Sey - 
applications. The instrument is compact, ru aa yee 
tures Conservative design and high quality eke 


Specifications 
eee a 20 cps to SO KC 
equency bration: Linear gra: 
10 cycles. Accuracy + (1 % Ys ee A Steen be 
Voltage Range: 3 uv to 300 v, full scale readings of 
WO v 300 my 300 on 
100 100 my 100 «vy 
1) 30 my x0 we 
10 10 my ce 
; 3 my 


l 1 mv 


MAX INPUT 


(©) VOLTAGE (Odb 
/ 90 Ose 


+ [aap 


OntF aduust 


© aBsowre /RELATIVE 


1/2304 
) AC : 
RECTIFIER! lac 
~ 


oP age 


18-28 
TOMA 


Ranges provided by an input attenuator switch and a 
meter range switch in steps of 1:3 or 10 db. Meter 
range is indicated by a dial mechanically linked to input 
attenuator. An absolute-relative switch, in conjunction 
with a variable 10 db control is provided for adjustment 
of intermediate values. 

Warm-Up-Time: None. 

Voltage Accuracy: + 5% of full scale value. 

Residual Modulation Products and Hum Voltage: Greater 
than 75 db down. 

Intermediate Frequency Rejection: Intermediate frequency 
present in input signal rejected by at least 75 db. 

Selectivity: + 3'% cycle b.w.—at least 3 db down 

+ 25 cycle b. w.—at least 50 db down 
+ 70 cycle b.w.—at least 80 db down 
bevond + 70 cycle b.w.—at least 80 db down 

Input | nce: Determined by setting of input attenu- 
ator: 100,000 ohms on 4 most sensitive ranges, 1 meg- 
ohm on remaining ranges. 

Selected Frequency Output: | v open circuit at output ter- 
minals for full scale meter deflection. Output level con- 
trol provided. Frequency response +1 db, 20 cycles to 
$0 KC. Output impedance approximately 600 ohms. 

B. F. O. Output: 1 v open circuit at output terminals. Out- 

. put level control provided. Frequency response = 1 db, 
20 cps to 50 KC. Output impedance approximately 600 
ohms. 

Automatic Frequency Control: Range of frequency holdin 
is +100 cycles minimum. 

Power: 115/230 v + 10%, 50/1600 cycles, 3 watts (ap- 
proximately). Terminals provided for powering instru- 
ment from external battery source. Battery supply range 
28 v to 18 v. 

Weight: Net 43 Ibs. Shipping 63 Ibs. (cabinet mount). 
Net 35 Ibs. Shipping 55 Ibs. (rack mount). 

Dimensions: Cabinet Mount: 2034” wide; 12%" high; 
1414” deep. Rack Mount: 19” wide; 10%” high; 
1314” deep 

Price: $1750.00 (cabinet) ; $1735.00 (rack mount). 


Data subject to change without notice. 


RANGE 
(0%0-€0db) 


METER 
AMPL 
LIMITER ANL 
XTAL DISCRIM 
OR 1OOKC XTAL OSC 


@~ 100KC 


O are NORMAL .BFO 


FILTER Dawe TUDE 


LOW PASS 


20 cps-SOKC 


Figure |. Block diagram, Model 302A Harmonic Wave Analyzer 


HEWLETT-PACKARD COMPANY 


9487M Page Mill Road, Palo Alto, California, U.S.A. 
Cable HEWPACK - DAvenport 6-7000 


Field representatives in all principal areas 
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Analyze, Identify Source of Product Noise! 
Bruel & Kjaer AUDIO FREQUENCY SPECTROMETER 


B & K Model 3312 Spectrum Recorder. 
Consists of Model 2111 Spectrometer 
and 2305 Level Recorder. 


Gentiemen 

Please send me 
B & K Brochure on Model 3312 
B & K Complete Line Catalog 


__Zone State 


and LEVEL RECORDER 


~s 


— 
i 
; 
} 
; 
; 
} 
i 
= 


The spectrogram shown is a 1/3 octave analysis 
of the structure borne noise from a large air 
conditioning unit. The amplitude levels are plotted 
in true RMS values, an essential to accuracy in 
such complex signal analysis. 


The precise characteristic of the B & K 1/3 oc- 
tave filters readily distinguishes those frequencies 
that are the offenders in undesirable noise 
and vibration. 


The B & K Model 3312 Spectrum Recorder is a rapid analysis 
system very well suited to product evaluation. It earmarks pure 
tones, beat notes and other noise or vibration characteristics, 
permitting quick identification and determination of those which 
must be modified or eliminated. 


B & K Model 3312 analyzes complex signal frequencies from 14 
c/s to 36,000 c/s and voltages from 5 Micro Volts to 1000 Volts. 


nt 
~ « B & K INSTRUMENTS, Inc. 
a 3022 W 106th STREET ~ CLEVELAND 11, OHIO - Clearwater 1-8430 
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4 WAYS TO USE LORs 
WITH A LIGHT SOURCE 


EQUIVALENT 


(1) As a single pole relay. 


LOOKING FOR THE ANSWER TO A CONTROL PROBLEM? 


Spotlighted, above, is FXC’s new Light Dependent 
Resistor, a “mighty mite” employed in the control of 
TV sets... organs... call systems. . . computers 

.. automatic telephone exchanges. . . toys — and other 
applications calling for a change of circuit resistance as 
light intensity varies, even at relatively low levels. Small- 
er than a dime in diameter, the LDR has a resistance 
ratio in excess of 25,000 to 1 for a light intensity change 
from total darkness to 1,400 foot candles. Highly versa- 
tile, the LDR can be used with a light source to replace 
single, multi-pole or latching type relays or for gain 
limiting in amplifier circuits. It has an interminable 
service life and is exceptionally low in cost. 


ORDER A LOR-TA ENGINEERING KIT FOR R&D 


= 
C He, 4 Includes complete techni- 
_ 
ee ee cal data and 4 LDRs for 
: t only $10.00. 





CORPORATION OF AMERICA 
ta East Bridge Street, Saugerties, New York 


(4) As a gain limiting control. 


OCTOBER 1960 Circle 166 on Inquiry Card 





o 
Py 
: 


a” 
ia 
x 


oa 
~~ 
oa 
SIA e & OY + 


. 
e 
>, 


x 
CP aN 
Ni 
~ 


le a bo 
XL Sb a 


< 
Me 
~ 
‘A 
x 


St inal} 
sa) Sn aXe 
ae 


> 


4 


ep a 
es 


hs 
Der 


x 
aes 
x as 


SC) 


rae AXE s 


y 


A 


S aXe 2 
aXh a 
ad 


SM 
: ep 
NS 


aXe aX a) 


a 


‘a C.4T PC, 
eS 
el 


4+ 
‘< 
Ce 
‘< 
od 


x 
x 


> 


be « 
ae a X 


/ 


ha 


xX 


X 


CN rs 
aN 
od 


es 


sa 


OX ete De TSE ET 


‘°a* Fat 
oF : 


/ 
’ 
- 


De 


WER TRANSFORMERS 


components 
mass 
produced 


Advanced engineering and manufacturing tech- 


niques are your assurance of the highest reliability 
in these mass-produced Lockheed Electronics 
components 

Lockheed offers its customers years of experience 
as both a major buyer and supplier of components 
as well as the complete resources of the Lockheed 
complex. This experience is coupled with the most 
up-to-date facilities for the manufacture of a vari- 
ety of quality electronic components. Our design 
engineering staff is available to assist you with 


special component problems. 


L_E_-<c LOCKHEED ELECTRONICS 


COMPANY 


4 For information on Lockheed Electronics, write: 
So) Marketing Branch — Lockheed Electronics Co. 
Avionics & Industrial Products Division, 
6201 East Randolph Street, 
Los Angeles 22, California 
Or phone: OV 5-7070 
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How BUSS Heat-Limiter operates: 
A BUSS Heat - Limiter has a thermal 
cut-out that opens the circuit if any- 
thing causes the temperature to rise 
above its opening point. 


If overheating 


can cause trouble — 


BUSS HEAT-LIMITERS may 


be your answer! 


BUSS Heat-Limiters are being used BUSS Heat-Limiters are available 
to protect many types of electrical in many types and in many styles of 
devices or apparatus against excessive terminals to suit requirements. 
COOKERS 
heating creating a hazard or resulting OVENS 


in loss of material Tell us your problem and let BUSS 
engineers work with you to help solve it. and other devices or apparatus where 
Where thermostats are used. BUSS excessive heating or failure of tem- 
Heat-Limiters provide ideal back-up For more information use coupon or ‘ ' ‘ ‘i ht ‘ ubi 


rotection should the thermostat fail write... Bussmann Mfg. Division, : 
; ‘ oor agree, age or a hazord. 
for any reason. McGraw- Edison Co., St. Louis 7, Mo. 


Bussmenn Mig. Division (McGrow-EdisonCo.) University of Jefferson, St. Lovis 7, Mo. 
Please send information on BUSS Heot-Limiters. 
Name 
Compony 
Addrew 
ANOTHER 


OUTSTANDING 
DEVELOPMENT 


suss russ. ~BUSS Safety Valve HEAT-LIMITERS 


OCTOBER 1960 
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What’s new in static power? 


Cutler-Hammer’s Ultraflex 
.the modern, proved 


adjustable speed D-c Drive 


No moving parts ... nothing to wear 
out, replace or clean .. . takes less 
space, and it's production proved. You 
can cut installation, maintenance and produc- 
tion costs with prored Ultraflex Static Power 
adjustable speed drives. 

They're proved in heavy duty applications 
such as in steel mills and tire making plants. 
They're proved in precise applications such as 
in newspaper printing, continuous process lines 
and paper converting. 

You can get 15% more efficiency than with 
m-g sets. Cuts your production costs. No forced 
ventilation needed for cooling either. And, a 
unique flux cancellation design avoids dan- 
gerously high voltages. 

Standard drives give you an 8:1 speed range 
with wider range, special engineering service, 
precise regulators and other optional equip- 


WHAT'S NEW? ASK... 


ment available. Check with us for details. 
You can get Ultraflex M Drives in sizes up 
to 200 h.p. Ultraflex E units are also available 
which use electronic tubes for conversion in- 
stead of magnetic amplifiers. Ultraflex E Drives 
are smaller, lighter and lower-priced than 
Ultraflex M and come in sizes up to 40 h.p. 


What's new at Cutier-Hammer? Cutler- 
Hammer is ready for the big industrial growth 
of the sixties. We've added , 
engineering talent, plant 

capacity, new and better 

products. We'd like to show 

you how we could help you. 

Contact the nearest Cutler- 

Hammer sales office. 


Free! Booklet about Ultra- 
flex M. Ask for Pub. 
EN-65-U231. 


CUTLER-HAMMER 


Cutler-Hammer inc., Milwaukee, Wisconsin + 
Hammer international, C. A. 


Division: 


Airborne Instruments Laboratory + Subsidiary ~~ 
Associates: Canadian Cutler-+ammer, Lid.; Cutler-+ammer Mexicana, S. 
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A FEW FACTS ABOUT MOTOR CAPACITOR TERMINALS 


Contrary tc a common belief shared by many users of 
specialty capacitors for a-c applications, all capacitors 
are nof alike. Some brands have not changed in 
design or construction for years. Others make changes 
to keep up with competitive products. Sprague Electric, 
however, constantly improves its designs for maximum 
dependability and minimum cost. 


1. “UNIVERSAL” TERMINAL LUG 


Single-blade or dual-blade, designed for use with 
“quick-connect” connectors. Also has notches and 
eyes for soldered connections—an important feature 
when “quick-connect” connectors are inadvertently 
destroyed by servicemen. Copied and imitated by 
others, universal terminal was originally designed by 
Sprague, is now patented by Sprague, 


2, DOUBLE RIVET CONNECTION 


CT DEPENDENT 
ON COMPRESSION 
Jeere 


Unique new rivet design for positive metal-to-metal 
contact between rivet and terminal as well as between 
rivet and tab. Unlike ordinary eyelet where weak 
riveted shoulder will bend or break when terminal 
is pulled, as often happens when removing snug-fitting 
“quick-connect” connectors, Sprague rivet prevents 
arcing caused by loosened contact points. Patent 
pending on this unique design. 


For Engineering Bulletins or application assistance on Sprague’ 
complete line of a-c specialty capacitors, write to Technical Litera- 
ture Section, Sprague Electric Company, 307 Marshall Street, 


North Adams, Massachusetts, 


WORLD’S LARGEST MANUFACTURER OF CAPACITORS 
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Although the terminal assembly is a relatively small 
port of the entire unit, it has often been the cause of 
capacitor failure. Here, Sprague has developed new, 
improved terminals which eliminate failures of this 
nature, reduce equipment manufacturers’ assembly 
time, and make future servicing easier. Here are some 
of those recent improvements: 


3. DOUBLE-CUP INSULATOR 


Que. - msn aToe 
MOTE TERMINAL SECESSE 
ns 


Gasert 


New one-piece molded phenolic cups for increased 
rigidity and prevention of terminal rotation. Unlike 
ordinary single-cup construction, which permits 
accidental twisting of terminals, causing leads inside 
capacitor to “short” or break off, terminals in Sprague's 
new double-cup insulator cannot turn because of 
square recess in molding which accommodates base 
of terminal. Bottom of insulator has contoured shape 
which permits plating or painting of entire capacitor 
cover, in full compliance with Underwriters’ Labora- 
tories, Inc. requirements for outdoor applications. 
No hidden, unprotected areas, as with ordinary single- 


cup. Patent pending on this assembly. 


4. STURDY STUD TERMINAL 


Pull-proof, welded terminal assembly designed to 
take severe physical abuse. The first reliable stud 
terminal available on a-c specialty capacitors. Although 
superior in performance, new Sprague design actually 
costs less than any other stud-type terminal. Patent 
pending on this assembly. 
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E lectro-Technology 


we fuk pousLte cover of this issue is a device to announce as simply ais 
possible the transition from one name to another: the substitution of ELEc- 
rko-TRCHNOLOGY for ELeerricaL MANUFACTURING 

The decision to change the name of this magazine was not taken lightly 
EicecrricaL MANuracturinc had endured for thirty-two years and had 
earned a considerable respect—-from reader and advertiser alike. Actually. 
the change in name was projected two and a half years ago when we an 
nounced a philosophy of publishing geared more closely to the technological 
society in which we live 

We believe that the technical problems of our society are of such magni 
tude and such complexity that a more enlightened concept of design engi 
neering os imperative In our view desi: hnoenpgineering is ne longer a simple 
function: it is an activity made up of many functions. Primary among these 
functions are: Research and Development, Materials Test and Evaluation, 
Components Test and Evaluation, Product or Systems Engineering, Standards 
and Specifications, Product Test and Evaluation. It is apparent that the 
work of the scientist, once relegated to the ivory tower, is more and more 
being merged with the work of the engineer, The resultant body of knowledge 

principles and practices—is true technology 

From its antecedent name. ELectro-TrReuNnoLocy has a rich heritage in 
the field of electricity. We have seen the field multiply. add and divide. but 
never subtract. Growth and development have been constants in its constantly 
changing pattern. A part of electrical development—and inseparable from it 
is electronics, To a great degree, many of today’s vast technical projects and 
products are centered in’ the electrical electronic area. The new name 
birerro- TECHNOLOGY, couples the modern concept of electricity with pre 
vailing technical dis rpotanne At the same time. the new name describes the 
character of the magazines editorial content in the field of engineering. 

biectro-TeeuNxovocy will continue to be an all-technical magazine. It 
will relate the broad principles of science and mathematics to specific problem 
areas in electrical engineering whether applied to materials, components, 
svstems or testing. We will constantly review the State of the Art and strive 
to add to it in some small degree with every issue of ELecTRO-TECHNOLOG) 

The publishing plan calls for monthly frequency. There is no intention to 
pepper these pages with large doses of either business news or administra 
tive techniques. Our attitude toward this aspect of publishing was aptly 


expressed by Associate Editor Rudahl a vear ago when he editorialized: 


“Career guidance, investment counseling and office management are 
esteemed occupations and functions. At competent and professional levels. 
they involve subtle and complex questions and demand long vears of con 
centrated application for proficiency 

The best sources for guidance in the « omplexities and subtleties of world 


affairs, for self-development philosophy and psychology. and for financial- 
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world analysis are the experts in such matters. They would not attemp! 
to design circuits or to prepare engineering specifications. They are too 


busy for amateur tinkering. So are we 


We do not propose to divert your attention from engineering——-even on 
the editorial page. However, since many of our readers thoughtfully express 
themselves in personal letters on the value of both editorial and advertising 
content of our publication. we will include here a few notes on the economics 

ELECTRO- TECHNOLOGY. 

Like any business, a publication must justify its right to make a profit 
it must create, or add, a “utility”. Our editors take the first step in this 
process. Thev evaluate technical data or information. Evaluation of infor 
mation involves specific functions: assembly, critical review, acceptance, re 
jection, integration and relation to specific problem areas. This is the basis 
of an article. or series of articles, in ELecrro-Trecuno.Locy. The editors are 
organized, trained and paid for these functions which, in general, industrs 
cannot perform for itself Thus a value is created and a considerable cost 
incurred 

The values thus created must be communicated to the engineers working 
in predetermined areas of engineering. These engineers must be located, iden 
tied and qualified. by name. title and function. The list thus built, at no 
ost or obligation to the reader or his company. must be rigidly maintained 
[his practice is known as Controlled Circulation. It is another element of 
value and incurs another cost 

ELeECTRO- TECHNOLOGY is a line of communication, a means of transmitting 
technical information to design engineers who daily influence the specifica 


tion and pure hase of prodigious amounts of materials, components and indus 
trial products. It is. therefore, an important medium for industrial advertisin 
shich. in itself. is a vital form of communication. This fact. when persua 
sively translated to advertisers. leads to ELECTRO-TECHNOLOGY’s sole source 
of income and profit—advertising revenue. Values created for the readet 
become a final benefit to the advertisers 

ELECTRO-TECHNOLOGY is adopted as a name because it describes the pub 
shing platform put into effect in January 1959. One easily recognizable 
feature of the plan then adopted was the Science and Engineering editorial 
insert. a continuing part of the program for ELectrro-TRCHNOLOGY. Soon 
ifter the plan was started. a gratifying wave of unsolicited letters confirmed 
the direction we had taken. Now. almost two vears later. this encouraging 
ndorsement by readers continues unabated 

\ recurring note runs through letter after letter: request for a personal 
opy of the publication. Our qualification standards necessarily are rigid 
but within those standards every such request is personally considered by our 
Circulation Manager and finally carefully studied by the Publisher 

Occasionally readers refer to the magazine as “scholarly We do not 
resist the label. but it is not our aim. One beautiful litthe word is repeated 
ver and over again in these letters: useful. We like that. for the sternest 
wasure applied by our editors to everything they project for publication 
s the question: “Is it useful?” 

We will keep the publication w name and all——just that 
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semiconductor 
electronics 


| I. SOLID-STATE PHYSICS 


A study of semiconductors (junction diodes and transistors) neces- 


sarily begins with a review of the properties of semiconductor 


materials and their behavior. This first article in a six-part series 


considers the atomic and crystalline structure of materials of all 


kinds and then applies these principles to semiconductors in partic- 


ular. Subsequent articles will describe the theory of operation of 


junction diodes and transistors, transistor network analysis, ampli- 


fier design, and switching operations. 


ALBERT A. SORENSEN 

Research and Development Division 
Srace Tecunorocy Laporatontes, Inc. 
Los Angeles, California 


Atomic Theory. The general model of the atom is 
familiar to everyone. It was first proposed by Ruther- 
ford in 1911 and consisted of a nucleus of protons and 
neutrons, about which rotated electrons in orbits. Such 
a system appears not unlike our solar system in a scale 
relative to the size of the components. 

A basic theoretical difficulty was soon seen with such 
a model, however. Each rotating electron should act like 
an antenna, emitting radiation at a frequency corres- 
ponding to the period of revolution about the nucleus. 
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Since this emitted energy would have to come from the 
electron itself, the electron would lose energy and would 
then spiral inward toward the nucleus and the atom 
would eventually collapse. This is contrary to observation. 

In 1913 Bohr proposed certain changes in this earlier 
atomic concept. These were: (1) there are stable orbits 
in which the electrons do not radiate; (2) in these orbits 
the angular momentum is an integral number times some 
constant; (3) if an electron changes from one orbit to 
another, energy is emitted or absorbed corresponding 
to the difference in energy between those orbits. Thus, 
various stable orbits correspond to various permissible 
energy levels. 

Four quantum numbers completely describe each elec- 
tron in a particular atom. The first three numbers de- 
scribe vector momentum, and the fourth describes the 
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Fig. 1 — Electron arrangement in the quantum levels of an atom 
of carbon (left) and silicon (right). 


direction of electron spin, either clockwise or counter- 
clockwise, about its own axis. We shall soon see that 
this spin is important. A statement called Pauli’s exclu- 
sion principle indicates that no two electrons in the same 
atom may have an identical set of quantum numbers. 
This serves to limit the number of electrons found in 
each orbit. 

It is possible to impart sufficient energy to an electron 
to remove it so far from the atom that it may be con- 
sidered to be at infinity. The minimum energy neces- 
sary to do this is called the ionization potential. 

Figure 1 shows two representative atoms of that family 
of elements we shall eventually call semiconductors. 
Note two things: first, that each of these atoms has four 
electrons in the outer shell; second, that certain shells 
are double. In fact, all energy levels (shells) are double 
in any atom except for the first. This is due to the fact 


Fig. 3 — Energy-level diagram of a diatomic molecule composed 
of two identical atoms of silicon. 


ionization leve 
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Fig. 4 — Cross-section of the bands of energy in a semiconductor 
crystal. 


Fig. 2 — Energy-level diagram of a silicon atom. 


that electron spin causes slight differences in angular 
momentum. 

The chemical and electrical characteristics of an atom 
are determined primarily by the outer shell of electrons. 
This shell is termed the valence shell and the electrons 
in it are valence electrons. 

Rather than continue to draw orbital models of atoms, 
we shall draw diagrams illustrating both distance rela 
tionships and energy relationships. These are called 
energy-level diagrams: the energy-level diagram of a 
silicon atom is shown in Fig. 2. 

The first excitation level is the energy level corres 
ponding to the next higher possible level that an electron 
may occupy if given increased energy from the valence 
shell. It corresponds to the next electron shell in a higher- 
numbered atom. The ionization energy level is con- 
sidered to be the reference energy level or zero energy. 
When an electron moves from an inner to an outer 
orbit it absorbs energy. Thus what we have plotted 
vertically is energy emitted (opposite of absorbed) plotted 
positively increasing downward. Energy absorbed in 
creases positively (toward zero) upward. 

Crystal Structure. Atoms do not normally exist 
singly in nature, and, if they do, they are of no practical 
use. Therefore, we will consider combinations of atoms. 
Let us bring two identical silicon atoms together to form 
a diatomic molecule. The energy-level diagram is shown 
in Fig. 3. Note that all levels that existed in the single 
atom have become doubled. This is termed level splitting. 
It is caused in the following way. Each atom may be 
thought of as consisting of a number of resonant circuits 
(the rotating electrons). Each atom oscillates independ- 
ently at its characteristic frequency. As two atoms are 
brought close together, the coupling between these reson- 
ances causes other resonances to be established. Thus, 
for two atoms we get level doubling, for three, tripling, 
etc. 

Since, in an actual crystal, the number of atoms is 
essentially infinite, the number of levels formed is also 
infinite and we do not speak of levels, but of bands of 
energy. A cross-section of a crystal would then appear 
as in Fig. 4. Note that the valence band is continuous 
across the crystal, and the valence electrons may thus 
not be thought of as belonging to any particular atom, 
but range throughout the crystal. It is these electrons 
that give the material its electrical characteristics. Note, 
too, that the first excitation level has also expanded into 
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a band (termed the conduction band). The region be- 
tween the conduction band and the valence band is 
called the forbidden band (or energy gap), implying 
that electrons may not exist in this region other than 
instantaneously. 

Normally we draw only the conduction band, the 
energy gap, and the valence band in our energy-level 
diagrams since these are the only regions which cause 
differences in electrical characteristics. 

insulators, Conductors, and Semiconductors. The 
energy difference between bands is in part controlled by 
temperature. The mobility or movement of electrons is 
also a function of the temperature. Whether a material 
is an insulator or a conductor is determined by the energy 
difference between the valence and the conduction bands, 
and hence the temperature. 

If the valence band and the conduction band are widely 
separated (the energy gap is large) so that it is difficult 
for electrons to execute transitions, the material is an 
insulator. If the energy gap is small or non-existent, 
the material is a conductor. The intermediate cases pro- 
duce semiconductors. In conductors and semiconductors 
the application of external fields may easily move elec- 
trons between bands. (Note that the same material may 
be an insulator at low temperature and a conductor at 
high temperature. Also note that this theory does not 
include the effect of superconductivity. ) 

Intrinsic Semiconductors. In the carbon family of 
semiconductors (carbon, silicon, germanium), the outer 
atomic shells contain, on the average, four electrons each. 
At absolute zero temperature (no thermal excitation) 
the valence band is therefore filled to capacity and the 
conduction band is completely empty. At some higher 
temperature, sufficient energy is imparted so that an 
electron is boosted into the conduction band. This breaks 
a covalent bond in the crystal and leaves one electron 
in the valence band without its twin. This vacancy in the 
valence band is termed a hole. 

We shall now show that holes possess charge and move- 
ment and that hole flow may therefore produce current 
flow. We know that in the valence band the electrons are 


constantly in motion, exchanging places and moving 


around, To speak of where they are or which way they 
are moving instantaneously is meaningless. We can 
speak of them only on the average, or statistically. We 
know that if, on the average, there is no movement this 
means that instantaneously one-half of the electrons are 
moving in one direction and the other half in the 
opposite direction. Now, if we have one hole in the 
valence band, it will exist only in one place instantane- 
ously also. Soon an adjacent electron will fill the hole 
and another hole will appear where that electron was. 
and so on. We thus 
see that the hole is also moving about. If a field is 
applied, the hole will move in the direction opposite to 


Then another electron will move in 


that of the electrons (on the average). 

The hole also possesses electrical charge since the 
missing electron removed a negative charge, leaving a 
net positive charge of the same magnitude. 

If the properties of a semiconductor are due only to 
temperature and the material is a pure element with a 
valence of four, it is called an intrinsic semiconductor. 
The current in an intrinsic semiconductor is carried by 
both electrons and holes and there are the same number 
of electrons and holes. 
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Free electrons 


Bound electrons 


NIE) f(E) 


Fig. 5 — Distribution of possible states, N(E), probability, f(E), 
and their product, N(E)+f(E), to obtain the probability dis 
tribution of occupied states in the conduction and walence bands 
(intrinsic semiconductor). 


At some temperature higher than absolute zero, there 
exist in an intrinsic semiconductor possible states, some 
full and some empty. (A state is an energy level which 
an electron can occupy but which may or may not be 
occupied. Thus there are as many states as there are elec- 
trons in an atom plus as many states which may be 
occupied but are not.) We then ask, what is the proba- 
bility that these states will be occupied? The answer is 
contained in the Fermi-Dirac distribution function. This 
is a statistical equation that expresses the average frac- 
tion of possible states at an energy level E that are 
occupied at a particular temperature T (in deg K). The 
equation is: 


L + ef — Ep)/kT 


SUE) (1) 
where k Boltzmann’s constant (= 1.38 x« 10° 
ergs/deg K) and E, is the Fermi level, a constant for 
a particular crystal at a particular temperature. 

The distribution of states is not uniform across either 
the valence or conduction bands. There are more states 
toward the middle and less toward the edge, with the 
edge being abrupt. (Note that this is logically so due to 
the way the bands were formed.) 

If we plot the distribution of states N(E) and the 
probability distribution {(£) and multiply them, we 
obtain the probability distribution of occupied states in 
the two bands. This is shown in Fig. 5. The inverse 
occupation probability is f(E) — 1 — f(B), or 


me I eB — Ep /kT 
SE) 1 + eB —Bp/kT ~ 1 + ee — EDT 
Figure 6 is the probability distribution of vacant states 
(holes) obtained by multiplying f(E£) and N(E). 

For the intrinsic semiconductor, E, lies midway be- 
tween the conduction and valence bands. The Fermi level 
will be constant with temperature if the total number 
of conduction states is equal to the total number of 
valence states (the usual case). Otherwise, it will move 
with temperature. Note that /(E) and /'(E) have been 
plotted for some temperature greater than zero. The 
dotted line curve shows them for T = 0. 

Extrinsic Semiconductors. Another type of semi- 
conductor may be formed in which the properties are 
due to the presence of impurities rather than to tempera- 
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Fig. 6 — Probability distribution of unoccupied states (holes) in 
an intrinsic semiconductor. 


Fig. 7 — Probability distribution with a donor impurity added 
(n-type semiconductor). 


Fig. 8 — Prebability distribution in a p-type semiconductor. 


ture. This type of semiconductor is called an extrinsic 
semiconductor. In extrinsic semiconductors the current is 
carried primarily by either electrons or holes, but not 


both. 


Donors. lf an atom of arsenic, phosphorus, antimony or 
other element having a valence of 5 (5 electrons in the outer 
shell, on the average) is introduced into a pure crystal of 
one of the semiconductor elements having a valence of 4, 
there will be one loosely-bound electron that is free to move 
about. This electron is called a donor since it may be easily 
excited into the conduction band. If a number of impurity 
atoms are added, they each add one excess electron. Crystals 
made in this way are called n-type since the current carriers 
are negative (electrons). 

The donors result in occupied energy levels near the bot 
tom of the conduction band (at T 0 K). An increase in 
temperature causes many of these electrons to move into the 
conduction band since the energy necessary to do this is 
small. There they increase the conductivity of the material. 
Note that this is a localized level and not a band. Shown in 
Fig. 7 are plots of N(E), f(E), the probability distribution 
of occupied states, and the Fermi level vs temperature. (Note 
that as the temperature goes up the donor level becomes 
depleted of electrons and the material begins to act like an 
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intrinsic semiconductor. This can be seen also in that the 
Fermi level approaches the half-way mark between the bands 
as in the case of intrinsic semiconductors. ) 

{cceptors. If the injected atom were gallium, indium, 
boron. aluminum, or some other element having a valence 
of 3 (3 electrons in the outer shell), there would be a 
missing electron in the crystal-lattice structure. Such a 


vacancy is a hole and crystals containing such holes or 


acceptors are called p-type 
Acceptor impurities result in unoccupied energy levels 


0 K) 
temperatures, electrons may easily jump from the valence 
band to fill these vacancies. Each electron leaving the 
valence band leaves a hole and these holes are the current 


near the top of the valence band (at 7 At higher 


carriers in the material. The same curves shown in Fig. 7 
are plotted in Fig. 8 for a p-type material 

Recombination. The carrier (either hole or electron) which 
is most prevalent in the material is called the majority car- 
rier. Both majority and minority carriers exist even in an 
extrinsic semiconductor. It is possible that an electron and 
a hole may somehow meet and recombine, thus eliminating 
both as carriers 

This process of recombination is the opposite of thermal 
generation. Both go on all the time, and under equilibrium 
they are equal. Recombination is not usually just a chance 
meeting of a hole and an electron, but is aided by the pres 
ence of traps. Traps are due to undesired crystal impurities 
(other than 3, 4, or 5 valence elements). Recombination is 
undesirable because of reduction of conductivity and fre 
quency-response characteristics. 


Statistics of Semiconductors. We have defined 
V(E) as the distribution of states in the material. We 
also defined the Fermi-Dirac distribution function /(E) 
in Eq (1) and the function f(F) in Eq (2). These 
functions gave the probability of occupancy and vacancy, 
respectively, of a state at an energy E and a temperature 
T. We graphically of free 
electrons or holes could be obtained by multiplying 
ViE)*f(E) or N(E)+f(E) for either intrinsic or ex- 
trinsic materials. We may do the same thing mathematic. 


showed how the density 


ally if we can obtain a function describing N(E) for 
each type of material. The function we obtain describes 
the density of electrons (or holes) in the range from 


EtoE dE and is: 


dn VCE) fUDdE (for electrons) 


dp NV(E) fUDdE (for holes) 


To determine the total density of free electrons, we in- 
tegrate Eq (3) over the conduction band. To determine 
the total density of free holes, we integrate Eq (4) over 
the valence band. 

@ Intrinsic Materials. The distribution of states near 
the bottom of the conduction band is: 


N(E) = A(E) — E.)" (5) 
where A is a constant depending on the material and EF 
is the energy at the bottom of the conduction band. This 
formula holds true only near the bottom of the conduc- 
tion band, but we see that, for all values of EF that are 
only slightly greater than E., this makes no difference. 

A simplification may be made in Eq (1). If E>>E/ 
by several k7, then: 


and 
Ep) /kT (6) 
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Then, substituting Eqs (5) and (6) 
integrating, 


Es e~ 2g k 


NRT)? lt @~ a= BY (8) 


Equation (8) is the density-distribution function of free 
electrons. We may find the same function of free holes 
in a similar manner. The distribution of states near 
the top of the valence band is 


V(r) BE ky) (9) 


where B is a constant of the material and E, is the energy 
at the top of the valence band. This formula is valid 
only near the top of the valence band, but this is satis- 
factory since f'(E) becomes nearly zero for E slightly 
less than E,. As before, a simplification may be made 


if, in Eq (2), E << E, by several kT. Then 
ek — Bp [eT 

and 
(CE) SS hf — Bp/e1 


Substituting in Eq (4) and integrating, 


ok 


| BU E)) et — BA /eT dE qi) 


B ery gite~ U (12) 


This function is the density-distribution function of free 


holes. In an intrinsic crystal, the density of electrons 
should equal the density of holes. If, as we said before, 


E, lies midway between E. and E,, then 


I 


° 


Substituting this expression in Eq (8), we get 


\ ‘ 
(kT) . c 


A eT) gte~ U aT (14) 


Therefore, if A B,n 
and electrons are equal. Conversely, we may accept n 

p and prove that the Fermi level lies midway in the 
energy gap. That A B is, in general, true in any 
intrinsic material. 


p and the densities of holes 


If we take the product of hole and electron densities 
we find: 
Br... 
pn ‘ (kTY € ‘ (15) 
This indicates that the pn product is a function only of 
E.,), and is 
independent of E,. This will become useful in the case 
of extrinsic semiconductors, where it is also valid. 
@ Extrinsic Materials. In an extrinsic crystal, the 
entire crystal must be electrically neutral. Thus, if NV, is 


the temperature and the gap energy (E, 


the donor concentration and N, is the acceptor concen- 
tration, then 


n+N.=p+Naz (16) 
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For the intrinsic case we had p = n. If we call this 


concentration simply N;, then we have 
pn V2 (17) 


We may solve Eqs (16) and (17) simultaneously. First, 
multiply Eq (16) by n 


re+en N, =pni-+sn N 4 (18) 
and substitute Eq (17) 
n’+nN, V2 +nNag 


Solving by the quadratic formula 


Vv.) 


Letting N 
(20) 


Similarly, 
* V4 (NA +9 (21) 


If the crystal is heavily doped with donors, N; >> N; and 
N, 0. Then, substituting in Eqs (20) and (21), n =< 
V, and p a N,*/N,. Thus, for n-type material, the elec- 
tron concentration is equal to the donor concentration 
and the hole concentration is equal to the square of the 
intrinsic concentration divided by the donor concentra- 
tion. This is a small number. 

If the crystal is heavily doped with acceptors, than 
V, >> N, and we find that p N, and n = N,?/N,. 
Thus, the hole concentration is equal to the acceptor 
concentration and the electron concentration is small. 
This is a p-type material. 


lf N, \,. then N —= N;,, and we 


have the degenerate intrinsic case of the extrinsic semi- 


Oandp—n 


conductor. 

In n-type material the electrons are the majority carrier 
and the holes the minority carrier. The number of free 
electrons is numerically much greater and they thus con- 
tribute primarily to the total current. In the p-type ma- 
terial the opposite condition prevails. 

One other distinction should be made at this time. 
This involves electron current, hole current and total 
current. Total current is what is measured with an am- 
meter. It is made up of the algebraic sum of electron 
current and hole current. Hole current in the same direc- 
tion as total current is defined as positive. Electron cur- 
rent in the direction opposite to total current is defined 
as positive. This feature is often confusing, but if this 
rule is remembered and the arrow directions are observed, 
no confusion need result. O00 


This is the first in a series of six articles on Semi- 
conductor Electronics, the remaining five to 
appear in succeeding months. At the completion 
of the series in March 1961, readers will be able 
to obtain a combined reprint of the six articles. 





Modular Flow Graphs 
or Network Analysis 


FREDERICK N. FITTING, Senior Researck Engineer 
Instruments and Controls Department 

Apvanceo TecHNo.tocy LaporaTories 

4 Division of American-Standard 

Mountain View, California 


Résumé of flow-graph principles 

rules for manipulation 

Definition and description of basic mod- 
ules for simple two-port networks 
Modular concept expanded to include 
flow graphs representing three-terminal 
devices used as modules 

Complex flow graphs reduced to obtain, 


again, simple basic modules. 


ALTHOUGH THERE ARE many paths to the solution of a 
set of linear equations, choosing the best path may, for 
the design engineer, be fully as important as the solu- 
tion—if this path gives insight into the basic factors of 
the problem. Standard flow-graph methods chart the paths 
to a solution clearly, but as problems become more com 
plex, these paths may become a maze. By the modular 
flow-graph method, an attempt is made to preserve a 
clarity in flow graphs of any complexity through the use 
of basic repetitive modules to construct orderly, recog- 


Fig. 1—Flow graph equivalent to the equation y = (a + b)x. 
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nizable flow graphs, and through the use of simplified 
means of reduction. 

Stress is placed on exact solutions of circuits. There 
is, these days, a tendency among engineers to be con 
cerned with achieving optimum designs rather than 
simply designs that will achieve certain results as a 
minimum. An example is that of digital computer cir 
cuitry in which there is no margin for error and design 
is done on a “worst case” basis. Certainly if a transistor, 
for instance, is idealized (as is usually done in making 
approximations), one should not be surprised that cal 
culations show ideal performance but that actual practice 
does not. The thesis is that approximations to circuit 
solutions, if necessary, should be made from exact solu 
tions. The full effect of the approximation can then be 
seen. If approximations are made only to simplify cal 
culations, they may cover up the very circuit anomalies 
which it was the purpose of the design to avoid, 


Basic Flow-Graph Principles 


A flow graph is a graphic representation of an equa 


tion or a set of equations, Fig. 1. Commonly, x and 4 


are referred to as nodes, whereas a and b are called the 
transmittances. This is entirely equivalent to the common 
block-diagram representation, shown in Fig. 2, where 4 
is the input, y is the output, and a b is the transfer 
function. In flow graphs, as in block diagrams, y and 
may be any two variables related linearly by the trans 
b. Flow graphs may 


also be drawn to show sets of simultaneous linear equa- 


mittance, or transfer function, a 
tions. A set of such equations pertaining to a two-port 
network written in terms of A parameters might be: 
(1) 
(2) 


where e, and e, are the input and output voltages, re 


Fig. 2—Block diagram equivalent to the equation y (a + b)x. 
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spectively, i; and i, are the input and output currents, 
and the A parameters are defined as: 


hy (3) 
(4) 
(5) 
(6) 


In flow-graph representation, shown in Fig. 3, these 
equations should be read as Eqs (1) and (2). This form 
of flow graph is adopted as standard to depict a pair 
of simultaneous equations such as the equations describ- 
ing a two-port network. Note that the horizontal branches 
are dimensionless ratios, whereas the vertical branches 
are dimensional ratios. In electrical networks, if the 
lower horizontal branches are dimensionless ratios re- 
lating currents (i.e., current gains) and the upper hori- 
zontal branches are dimensionless ratios relating volt- 
ages, then upward-pointing vertical branches are im- 
pedances, and downward-pointing branches are admit- 
tances. This form will be adopted as standard for this 
and more complex flow graphs. 

Figure 3 also illustrates the two elementary types of 
three-branch nodes: (1) summing nodes which sum the 
effect of two branches entering, and (2) distributing 
nodes from which two branches radiate. It is obvious 
that nodes formed from more than three branches may 
be reduced to a number of three-branch nodes. 

The relation of independent to dependent variables 
can also be seen in this graph. The independent variables 
i; and e, are seen to be modified by the transmittances 
radiating from them to produce the dependent variables 
e, and i,. 


Manipulations of Elementary Flow Graphs 


Simple manipulations of flow graphs are shown in 
Figs. 4 and 5. Further rules for manipulation of flow 
graphs are concerned with the treatment of nodes and 
also with loops which may occur in a graph. In the case 
of nodes, two recurring configurations are those shown 
in Fig. 6, for which reciprocation rules will be presented. 

Reciprocation rules will permit the reversal of flow 
graphs, so that dependent variables may be converted to 
independent variables, and vice versa. Their use would, 
for instance, permit reading an input impedance from 
a graph constructed in terms of input admittance. Re- 
ciprocating a through-path in a three-branch node con- 
sists of (1) replacing the transmittances in the through- 
reciprocals; (2) 
changing the sign of the third branch if the node is a 
summing node, but not changing the sign if the node 
is a distributing node. The graphs shown in Fig. 6 are 
shown after reciprocation in Fig. 7. 

The reciprocating rules may be verified algebraically. 
For instance, the graph shown in Fig. 6(a) is read 
algebraically as: 


path to be reciprocated with their 


y = abz (7) 
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Fig. 3—Flow-graph representation of two-port network equa- 
tions. 
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Fig. 4—Equivalent flow graphs showing the reduction of series 
branches (a) to a single branch (b). 


Fig. 5—Equivalent flow graphs showing the reduction of par- 
allel branches (a) to a single branch (b). 


Z 


Fig. 6—Nodes: (a) distributing node; (b) summing node. 


Z 


Fig. 7—Reciprocated nodes: (a) reciprocated distributing node; 
(b) reciprocated summing node. 


and 
acr 


The graph shown in Fig. 7(a) is read as: 


and 





Fig. 8—Flow graph containing a closed loop. 


Fig. 9—Reversal of path through h, shown in Fig. 3 


. 10—Redaction of graph shown in Fig 9 to a basic module 


. 11--Reversal of horizental branches of the graph shown in 


>. 


12—Basie module form of the graph shown in Fig. 11. 


as may be demonstrated by algebraic manipulation. 

It is worth noting that reciprocation does not change 
the type of node and that in reciprocating a path through 
a summing node, the value of the node is changed, 
whereas in reciprocating a path through a distributing 
node the value of the node is not changed. (Compare 
Figs. 6 and 7.) 

A closed loop is shown in Fig. 8; this may be reduced 
to a single transmittance by applying the following rule: 
The overall transmittance of a graph consisting of a 
single through-path, with a single closed loop touching 
the path, is equal to the transmittance of the through path 
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divided by the negative of the loop gain increased by 
unity. Algebraically this may be formulated 


2 abe 


w l1-—bd an 


The denominator of the expression for the overall 
transmittance will henceforth be referred to as the aug 
mented loop gain. The loop rule may be simply proved 
by reciprocating the through-path, adding the resulting 
parallel paths, and then reciprocating the path again. 
In the modular method, the basic rules outlined above 
will prove sufficient to reduce graphs of any complexity. 

Manipulation of Two-Port Network Modules. 


With the foregoing definitions and operations, the 


manipulation of the two-port module will be illustrated. 


(It will be shown later that this is a special case of a 
more general network; however, due to its common 
usage and constant recurrence, it will be discussed now.) 
Referring to the flow graph shown in Fig. 3 as an 
example, a means will be found to convert from a given 
set of parameters to any other desired set of parameters. 
Assume, in this example, that we wish to convert to z 
parameters. The first step is the reversal of the path 
through A,, which results in the graph shown in Fig. 9: 
this graph is read as 


(12) 


(13) 


From the equations, a simpler form of graph may be 
drawn (or may be drawn directly from Fig. 9), as 
shown in Fig. 10. The transmittances shown in the graph 
of Fig. 10 are seen to be the z parameters, in terms of 
the A parameters, of the original two-port network. For 
instance, defining the input impedance as the ratio e,/i 
when the secondary is open-circuited (i 0), it can 
be seen from the graph (Fig. 10) that this ratio is 
h, — (h;h,/h,). Note that the graph shown in Fig. 10 is 
a simplified graph, in that it contains only a single direct 
path from each independent variable to each dependent 
variable. This is in contrast to the graph shown in Fig. 9, 
in which one or more paths through one or more trans 
mittances may exist between each independent variable 
A graph such as that 


shown in Fig. 10, which contains only one path between 


and each dependent variable. 


each independent variable and each dependent variable, 
will be defined as a basic module. 

A second example will convert the A parameters of 
Fig. 3 to g parameters. The first step consists of reversal 
of both horizontal branches to give Fig. 11. 

Note the formation of a loop in the flow graph of 
Fig. 11. Using the loop rule, we can reduce this graph 
to a basic module containing only direct paths and no 
loops. The resulting graph is shown in Fig. 12, where 
L is a symbol 
] (hh 


are the required g parameters in terms of the original h 


denoting the augmented loop gain, 
h,h,). The transmittances shown in Fig. 12 


parameters. The graph now contains only direct paths 
and no loops and is therefore a basic module. 
Reduction of Loaded Two-Port Networks. A 
loaded graph will be considered to be one in which an 
original independent variable of the basic module has 
been made a function of an original dependent variable, 
due to the addition of a load. Fig. 13 shows a load, z,, 
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added to the graph shown in Fig. 3. The minus sign asso- 
ciated with the load current, i,, results from the usual 
assumption that a positive current is one flowing into the 
output of the two-port network and is, therefore, a minus 
current for the load. The load voltage, which is equal to 
€», is designated by e,. A single loop has been formed 
by the addition of z,, the augmented loop gain, L, being 
1 + h.z,. Applying the loop rule, various information 
may be read directly from the graph. 
The current gain, for instance, is read as: 


The input impedance may be read as: 


hshyz 
L 


(15) 


A new flow graph may now be constructed from Eq (15) 
or directly from the graph shown in Fig. 13 which, as 
shown in Fig. 14, proves that while the addition of the 
load to the two-port network reduced it to a one-port 
network, it also reduced the basic module of the net- 
work from a two-dimensional graph to a one-dimensional 
figure. While the reduction of a loaded two-port network 
is an obvious use of flow-graph manipulation rules, it 
is important in introducing the concept of a dimension- 
ality corresponding to the number of independent vari- 
ables in the flow graph. This concept will now be ex- 
tended to the representation of three-terminal networks 
as three-dimensional flow graphs. 


Three-Terminal Devices 


The three-terminal device, represented by the transistor 
and the vacuum tube in the field of electronics and the 
summing junction (whatever its physical reality might 


be) in the field of servo-mechanisms, is a device of para- 
mount importance. A generalized three-port network, 


Fig. 16-—-Flow graph of three-port network showing trans 
determined in grounded m_ configuration and 
unknown transmittances to be determined. 


mittances 
=> 


A generalized three-port network. 
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Fig. 14 


Reduction of the graph shown in Fig. 13 to a basie 


<- 
Fig. 13 


Graph showing a load added to the graph in Fig. 3. 


as shown in Fig. 15, can be represented by the basic 
module shown in Fig. 16. 

The terminal designations are selected for convenience 
such that when this figure and the proper flow graph are 
used to represent a common emitter transistor circuit, 
the b terminal will be the base; when used to represent 
a grounded-cathode, vacuum-tube circuit, the g terminal 
will be the grid; in both cases the m (or mutual) 
terminal will be the common terminal—that is, emitter 
and cathode, respectively. The graph shown in Fig. 16 
is a basic module; it has only a single direct path 
between each independent variable and each dependent 
variable and it contains no loops. 

This flow graph is, of course, only one of the basic 
modules representing a three-terminal network, since the 
selection of ip, e,, and e, as the independent variables 
is completely arbitrary. This particular module, however, 
is a convenient representation for transistors when b is 
considered to be the base terminal, and for vacuum tubes 
when g is considered to be the grid terminal. 

Let us also assume that we know the characteristics 
of the device with the m terminal grounded, as is usually 
the case for transistor or vacuum tubes. We can draw 
the graph shown in Fig. 16 with the known transmittances 
(true for e, =< 0) shown on the graph. If this graph 
is assumed to represent a vacuum tube in the grounded 
cathode configuration, then » = », 8 = 0, y, = 0, and 
zp = ry». If assumed to represent a transistor, then » 

h,, B hy, z» == hy, and y, = h,. The unknown 
transmittances may now be determined. 

The graph shown in Fig. 16 proves that, if a ground 
were placed at the m terminal and if we were not 
interested in the dependent variable i,,, this graph would 
reduce to a two-port network graph, as shown in Fig. 2. 
Furthermore, in this reduced two-port network graph, 
all voltages would be reduced by an amount em because 
of the change in reference point. In other words, the 


terminal voltages would be e, — em, e, — em, and zero. 





Fig. 17—A basic module for a three-terminal device with no 
internal grounds in terms of grounded m parameters. 


The values of the transmittance of the reduced graph 
are therefore 


(16) 
(17) 
(18) 


(19) 


—ta = 0 
We may solve these equations for e, and i,, and obtain: 
= —— FT a + Bem (% = 0) (20) 
es = Zein + Cm (¢, — @m = 0) (21) 
lg = Yolo — Yelm (i = 0) 
i, = —Bb (¢, — tm = 0) (23) 
If the voltages at the terminals of the graph in Fig. 16 
are now all increased by an amount e,,, the circuit cur- 
rents and voltage drops will not change. The solutions 
of the equations then may be used to determine some 


of the unknown transmittances of the graph. From Eq 
(20) we find that 


= (24) 


tm | (@¢.48) = 0 


and from Eq (22) we find that 


The remaining transmittances are determined by noting 
that, according to the superposition theorem, i, is a 
function of the value of i, when (e,, — e,) is zero, plus 
a function of (¢, — e,) when i, is equal to zero. That is, 


i. = SiCiey =—&=0 - Ske, - Cm) iy = ° (26) 


Therefore, 
is | 


Cm | (eee) = 0 


Fig. 18—Grounded-base transistor flow graph. 


This derivation is for a general three-terminal network. 
For the case of the transistor and the vacuum tube, or 
for any circuit where there are no internal grounds within 
the network, 


(30) 


The transmittances then become those shown in Fig. 17, 
as may be determined by substituting Eq (29) into 
Eqs (26) and (27). 

Before we illustrate the method of combining the basic 
modules in complete circuits, a manipulation of the basic 
module will be discussed. The basic module was derived 
with the assumption that the circuit parameters were 
known for the case where the m terminal was grounded. 
Let us further assume that, with this information given 
us, we wish to find the graph transmittances with another 
terminal, say the 6 terminal, grounded. To make this 
case seem more practical, the flow graph will be drawn 
in terms of the grounded-base configuration transistor 
h parameters (see Fig. 18). 

Figure 19 shows the basic graph with the i, to e, path 
and the e, to i, path reversed. With this accomplished 
and e, (now an independent variable) set equal to zero, 
we have obtained a flow graph for the grounded-emitter 
configuration. If the required transmittances are derived 
to reduce this new graph to its basic module, we will 
have the required grounded-emitter parameters. Noting 
that the augmented loop 


, (= A + hy) 


- hih. 


was formed, we can write these transmittances: 


l/h. 


L 


Lf 1 (= hDhy 71 
h. ” h L 


[1 La hAl 4 "2 | l 
hah. L 


a hh; \ 1 


— (1 + hy] +h. 4 he L 


(35) 
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Fig. 19—Grounded-emitter flow graph formed by the reversal 
of paths through Ah. and h, of the graph shown in Fig. 18. 


These equations have been written in an unsimplified 
form to make the correspondence between flow graph 
paths and equation terms clearly evident. 

These transmittances may now be used in the flow 
graph shown in Fig. 20, written in terms of grounded- 
emitter parameters. It is worth noting that the solutions 
obtained are exact solutions rather than the usual ap- 
proximations. Approximate solutions, if desired, can be 
obtained by dropping out those paths whose contribution 
appears insignificant. 

In general, it will be simpler in the modular flow- 
graph method to use network parameters in the form 
in which they are first found rather than to make a 
change of parameters. 


The Modular Flow-Graph Method 


The methods described above will now be used to 
illustrate the modular approach to flow graphs. This 
approach involves writing the flow graph of the complete 
circuit in terms of the basic three-terminal module for 
active elements, these being linked together by such 
passive-eclement transmittances as are required to com- 
plete the circuit. This use of standard forms shortens the 
time necessary to construct the graph and aids in the 


Fig. 20--Grounded-emitter parameter graph. 


Fig. 21—Vacuum-tube feedback circuit. 
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recognition of common properties in different circuits. 
Following construction, each three-terminal module and 
its associated transmittances are reduced to two-terminal 
modules where possible, or to basic three-terminal 
modules. These new modules are now further reduced 
in groups of two until the original flow graph has been 
reduced to a simple two-terminal flow graph (assuming 
there is only one input and one output in the system). 
In a feedback circuit, the reduction described above will 
be carried out with the feedback loops open. The loops 
are then closed one at a time and the graph reduced 
after each closing, until a basic module is achieved. This 
method insures that only one feedback loop is formed 
at a time, and that the simple loop law can be used to 
simplify the graph. This method is similar to the reduc- 
tion of a series-parallel circuit by combining series or 
parallel paths step-by-step until a single impedance re- 
mains. 

The method will be illustrated by the two following 
examples: a vacuum-tube circuit and a transistor circuit. 

Modular Flowgraphs Applied to a Vacuum-Tube 
Circuit. This circuit, shown in Fig. 21, will be solved 
for its mid-frequency characteristics; that is, the capaci- 
tances will be considered to be shorted (in addition, the 
first plate-load resistor and the following grid resistor 
will be combined in parallel and considered to be R;). 
This example has been selected for comparison purposes, 
since it has been solved by standard flow-graph tech- 
niques by Mason.(])* 

To make our basic three-terminal module shown in 
Fig. 17 conform to standard practice for vacuum tubes, 
it will be reversed from right to left, 8 and y, will be 
considered zero, z» will become r,, iy will become i,, and 
e, will become e,. The resulting standard vacuum-tube 
module is shown in Fig. 22 with the transmittances to 
be removed (equal to zero) shown in dotted lines. In- 
cidentally, the permissibility of removing these redundant 
branches indicates graphically why vacuum-tube circuits 
are more simply calculated than transistor circuits. 

Two of these modules with transmittances equal to 
zero removed and —(l — 8) replaced with —1 are 
next used to construct the flow graph of Fig. 23; that is, 
the passive elements of Fig. 21 are added to the basic 


* Italic numerals in parentheses refer to the Cited References at end of article 





Fig. 22—Basic module for vacuum tubes. 


vacuum-tube modules to obtain a complete flow graph 
of the circuit. 

For the convenience of description, the circuit will 
be cut into separate parts by “sections”. The separate 
parts will be reduced and then recombined to form a 
reduced flow graph of the original circuit. The sections 
have cut the graph into three parts, and each of these 
parts contains a loop with the following augmented gains: 


(36) 
(37) 


L,=1+ Y,;R (38) 


Using these augmented loop gains, we can reduce each 
of the parts to a new basic module and the flow graph 
is thus reduced as shown in Fig. 24. [Note that these 
simplifying operations have removed all of the loops 
within section lines (including the orginal loop through 
R, and Y;).] 

If the circuit is now joined together, except for the 
section at C-C, a further reduction may be made. In- 
specting the graphs shown in Fig. 24, we find that one 
loop would be formed through Y, and r,., and that there 
would be three independent variables (e,, e,,, and i,,) 
and three dependent variables (e,,, i,, and e,.). The 
duplication of e,, and i,, as both dependent and <inde- 
pendent variables arises from the sectioning of the graph. 
A further reduction of the reconnected graph shown in 
Fig. 24 is shown in Fig. 25 where 


ee ae 
Qo SS eee 


Fig. 24—First reduction of graph shown in Fig. 23. 
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Fig. 23—Flow-graph representation of the vacuum-4ube feed- 
7 


back cirenit shown in Fig. 21. 


ly (39) 


Y yr, 
Lala 


Now, if the loop is closed through e,,, the independent 
variable, and e,, the dependent variable, of the graph 
shown in Fig. 26, a new augmented loop L, is formed, 


in which 


(1 + gs) we V/s 


Ta (40) 


A new reduction may now be made as shown in Fig. 26, 
which may be reduced to a single-line flow graph by 
closing the loop through i,,. This graph would be a single 
transmittance relating ¢,, to e,,. This may be read, from 


Fig. 26, as: 


wise ui? 


LLL, * I 
( (1 + widuslt, , YpRups ) 
Libel, Lola 
(1 + w)) Y/RYr, 
+ ( Vala © Tell ) 
Moduler Flowgraphs Applied to a Transistor 
Circuit. The final example of modular flowgraph tech- 
niques in this article concerns the differential amplifier 
shown in Fig. 27. Note the of this 
amplifier; i. e., the fact that provision for an arbitrary 
load is provided. Figure 28 is the flow graph describing 


(41) 


“open-endedness” 


23. 
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Fig. 26--Third reduction of graph shown in Fig. 23. 
=> 
7 


Fig. 27—-Transistor differential amplifier. 


Fig. 28 -Differential-amplifier flow graph. 


this amplifier built around the basic three-terminal a + hadharhaaht? (1 _ hes ) 
modules. L: 


+ hyp ha PR, 
The graph is sectioned and each half is then reduced. : Ly 


L?L, 
Letting 


h.oRr- 
R, (42) Ok YharhosR? (1 - ) 


hha Rk, 5 
Ly LiL, 


and 


Ly 1 + AesPrs (43) 


: hetRPh ( ~ “atts 
the graph becomes that shown in Fig. 29. Since the loops ho?R, Tens Ly 
within each half are now removed, the graph is joined ws iin 

together again. The loop just formed is removed by a 
final reduction of the joined graph, resulting in the Ze : no — hee 
graph shown in Fig. 30, where _ 


ia La 


ae hi — hn)heoR2 = 
oe CL + hy: — hp dhol ¢ 
: ee ( / ) : 


L#L, 


Da ee ee ee ee ee ee BD 


Fig. 29—First reduction of differ- 
m2 hr2N, 


ential-amplifier flow graph shown in = (14 Ay 2) + —2—- oR hk 
Fig. 28. Le 
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Fig. 30—Reduced differential amplifier as a basic module. 


al - hyp)R, h, shy Rr | 
Lila [a - hes) + z 


_ a —haR, hrshesFiza 7 
a a [as hss) 4 


. sh [a - hes) + | 
L, 


hyhoeR: 
= mL + hy) - i ] 


ai ee hydhiaR vs R, 
= i, * Eels 


hyshool? rs esha 
[a inn: |[e adie ] 


Although this graph may appear formidable, it is worth 
noting that: 


1) It contains all possible information concerning the 
differential amplifier that may be determined from the 
amplifier terminals—that is, information concerning the 
effect of each of the three independent variables on each 
of the three dependent variables; 

2) it is an exact representation; and 

3) it is easily derived in a systematic way. 


To use this graph, it is probably best evaluated nu- 
merically at this point. This evaluation may be exact 
or, if desired, approximate using such obvious approxi- 
mations as 

(1 + hy) hy, (45) 
Gd — hy) =1 (46) 

Let us assume that the graph is evaluated and as shown 
in Fig. 30, which is now a complete module and may, 
itself, be used as a building block to construct more 
complex circuits. For instance, if we terminate it in a 
load, R,, we can immediately write the input impedances 
or the gains of the resulting circuit. Thus 


- 8 T lngh 
1 + yf, 


Letting 
he: = her = hy 


and making approximations 


h.R, 
Lh 


=1 (that is, R, > 1/h,) 


+ hy, = hy =1+ hes 


hoot 2 


I = 1 (that is, Rp, « 1/h,) 


This becomes 


Meta, — ta) 
as 
1+ yz (62) 
which illustrates the necessary conditions that must be 
met to produce a true differencing action. 

A practical example of the use of a differential amp- 
lifier is in a servo system, in which the output of the 
differential amplifier drives the coil of a hydraulic servo 
valve. The hydraulic valve in turn drives a hydraulic 
cylinder. Mechanically coupled to the cylinder is a po- 
tentiometer which provides position feedback to the 
differential amplifier. In a calculation of the time re- 
sponse of such a system, the module shown in Fig. 30 
would be used with a module of the input signal source 
coupled to one input. The output of the differential 
module would be coupled to a module representing the 
equations of the hydraulic valve and cylinder, and feed- 
back would return at the other input of the differential 
amplifier module. Solution of the electromechanical cir- 
cuit would follow the same modular method illustrated 
here by electronic circuit examples. 

Flow graphs are particularly well suited to servo sys- 
tems since these systems involve calculation of the effect 
of feedback loops and require the solution of simultane- 
ous equations containing both mechanical and electrical 
terms. The flow-graph method, in fact, not only can be 
applied equally well to mechanical and electrical systems, 
but indeed to any system that 
simultaneous linear equations. 


can be represented by 
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MOLYBDENUM POSSESSES a combination of unique proper- 
ties which have been utilized for fifty years in the elec- 
trical equipment industry and which recommend it for 
increased use in the newer technologies, particularly 
those associated with high-temperature operations. The 
metal has a melting point exceeded only by tantalum, 
tungsten, rhenium and carbon—about two and one-half 
times that of copper and twice that of steel. The strength 
properties of this refractory metal are outstanding, with 
a modulus of elasticity that is only slightly affected by 
increasing temperatures. At 1600 F the modulus for 
molybdenum is still one-third higher than that for steel 
at room temperature. Strength and creep properties are 
similarly maintained at high temperatures. Above 1600 
F, the unalloyed metal exhibits properties that greatly 
exceed those of any of the nickel, cobalt, or iron-base 
super-alloys. Molybdenum has a moderate density, about 
one-half that of tungsten and less than two-thirds that 
of tantalum, these being the two additional metallic con- 
tenders for high-temperature service. 


Applications 


The applications for molybdenum and molybdenum al- 
loys may be divided into two classes. In the first class, 
major interest in the metal arises from its physical and 
chemical properties—in particular, its high melting point, 
modulus of elasticity, and thermal conductivity, and its 
low specific heat and coefficient of thermal expansion. 
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In addition, a number of major applications have arisen 
due to the stability of molybdenum in various media 
such as liquid metals, non-oxidizing gases and glasses. 
The second group of applications relates to the metal’s 
high strength, creep, and rupture properties at elevated 
temperatures. The retention of these properties is due 
largely to a high recrystallization temperature. Also, 
many applications simultaneously utilize the physical or 
chemical properties along with the metal’s high-tempera- 
ture strength. 

As with some other refractory metals, molybdenum 
was first utilized in electrical equipment design; this 
field continues to be one of the major consumers of 
molybdenum. Typical applications include mandrels and 
supports for incandescent and fluorescent lamps, and 
anodes and grids for electron tubes. The low vapor pres- 
sure, dimensional stability, and low thermal-expansion 
characteristics of molybdenum are properties of particu- 
lar importance in these components. Molybdenum’s low 
expansion characteristics lead also to extensive use in 
glass-to-metal seals. There is an increasing market for 
its application in cathodes and cathode supports, high- 
power radar deyices, copper-clad molybdenum magnetron 
components, and structural parts and targets for X-ray 
tubes. Figures 1 and 2 indicate some typical parts used 
in magnetron-tube assemblies, and Fig. 3 shows a molyb- 
denum stem support for a tungsten X-ray target. 

High resistance to arc-erosion has resulted in the use 
of molybdenum in electrical contacts; its resistance to 
reaction with mercury finds practical use in mercury 
switches. The low coefficient of friction, lubricating char- 
acteristics of the oxide, and non-sticking behavior with 
silver make molybdenum suitable for slip-ring brushes, 
which have low wear rates and a minimum of electrical 
noise. Because its expansion characteristics are similar 
to those of germanium and silicon, molybdenum is used 
as a support and backing for these materials in transist- 
ors and diode rectifiers. Its high electrical and thermal 
conductivity is also of benefit in this application. 

Other electrical applications include resistance elements 
for electric furnaces that are designed to operate at tem- 
peratures between 3000 and 4000 F in non-oxidizing 
atmospheres. 
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The high hardness, stiffness, and thermal conductivity 
of molybdenum-base alloys account for their use in ma- 
chining operations involving boring bars, tool shanks, 
resistance welding electrodes and dies. In addition, its 
hot hardness and outstanding strength at elevated tem- 
peratures have suggested the use of molybdenum for 
die casting dies and other hot-working tooling. 

Molybdenum has been extensively used to build up 
worn metal parts by means of a spraying operation. An 
excellent bond with the base metal is achieved and the 
resulting surface has superior wear and bearing proper- 
ties. This application is advancing beyond the salvage 
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Fig. 1 
cast molybdenum. 


Magnetron-tube parts machined from unalloyed are- 


Fig. 2—-Magnetron cathode, with arc-cast molybdenum parts 


shown at top right. (Source: Raytheon Company.) 
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and repair phase and is being considered for use in the 
fabrication of original parts. 

The resistance of molybdenum and molybdenum alloys 
to various mineral acids and liquid metals has resulted 
in preliminary investigation and some prototype produc- 
tion of valves and heat exchangers. Molybdenum is ex- 
tensively used for electrodes, stirrers, pumps and reaction- 
vessel liners in the glass-processing industry, since this 
metal is completely non-reactive with glass. 


Physical Properties 


The thermal properties of molybdenum are often of 
considerable interest. In particular, the thermal conduc- 
tivity, which is about one-half that of copper, is signifi- 
cantly greater than that of iron or nickel. Furthermore, 
the thermal expansion coefficient is less than one-third 
that of copper, and one-half that of the steels. This high 
thermal conductivity and low expansion coefficient, to- 
gether with low specific heat, permit an unusual accom- 
modation to high heat flux without the simultaneous 
problems associated with thermal stresses. 

The electrical conductivity of molybdenum is about 
one-third that of copper and exhibits good contact prop- 
erties. In applications requiring thermal cycling, its sta- 
bility is a decided advantage, as are its other properties 
which find use in a wide range of electrical applications. 

These properties of molybdenum have provided a 
strong incentive for extensive research and development, 
increased production efhiciency, and the rapid translation 
of promising experimental results into hardware. 

The physical and chemical properties of molybdenum 
are summarized in Table I and in Figs. 4 through 6. 
These properties are largely unaffected by the small 
alloying additions presently of interest. Table II provides 
a comparison of relevant properties of molybdenum as 
compared to other refractory metals. 


Mechanical Properties 


The major current interest in molybdenum and its 
alloys results from the excellent high-temperature me- 
chanical properties which, in the temperature range be- 
tween 1600 and 2500 F, exceed those of any other known 
metal. It should be noted that it is the retention of ele- 


Fig. 3—-Molybdenum stem support for tungsten X-ray target 
hot upset forging (left) and finished machined stem (right). 
‘Source: Fansteel Metallurgical Corporation.) 
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Table | — Properties of Molybdenum 


Property Value 
Physical 
Density, gm/cm' 10.22 
Melting point, deg C 2610 
Boiling point, deg C 5560 
Entropy crystals, $298.1, cal/(mol)(deg K) 6.83 
Velocity of sound, cm,/sec at 2.25 cm 
Longitudinal wave 6.37 10° 
Shear wave 3.41 10° 
Modulus of elasticity 
Room temperature 46 10° 
800 F 42 10° 
1600 F 40 10° 


Thermal 
Latent heat of fusion, kcal/mol 
Thermal conductivity 
Specific heat 
Coefficient of thermal expansion, micro-in 
in. /deg C 
(0-20 C) 
(25-700 C) 


Electrical 

Electrical conductivity, per cent IACS | 34 

See Fig. 6 
0.1658 

Ionization potential, ev va 

Apparent positive-ion work function, ev 8.6 

Apparent electron work function, ev 4.2 


Electrical resistivity 
Electrochemical equivalent, mg/coulomb 


Hal) constant (work hardened) ,cm’/amp-se« 7.75 X 10-* 
Magnetic susceptibility 
25 deg emu /g 0.93 x 10° 
Optical and emissivity 
Reflectivity (white 'ight), per cent 46 
Emissivity 
1000 C i 0.13 
1500 C 0.19 
2000 C 0.24 
Thermionic emission in h vacuum 
1600 C ibout 0.7 ma/sq cm 
2000 C 85 


Atomik 
Lattice type 
Const. at 25 C 
Thermal-neutron cross section, bais 
Microscopic 
Absorption 
Scatter 
Total 
Fast neutron absorption cross section, barns 
10/25 kev 
1230 


Body-centered cub 
3.1405 kX 


vated-temperature properties, rather than the existence 
of high values at ambient temperature, that is usually 
significant. This stability of mechanical properties at 
elevated temperatures is due to the high recrystalliza- 
tion temperature common to refractory metals. Present 
emphasis in molybdenum-alloy development from a struc- 
tural point of view is directed, therefore, toward further 
increasing the recrystallization temperature. 

Since molybdenum has a body-centered cubic structure 
at all temperatures, increased strength properties cannot 
be achieved by conventional metallurgical heat treatment. 
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Fig. 4— Effect of temperature on thermal conductivity of un- 
alloyed molybdenum. (Source: Goldsmith and Waterman.) 


Fig. 5— Effect of temperature on specific heat of unalloyed 
molybdenum. (Source: Goldsmith and Waterman.) 








Fig. 6 — Effect of temperature on electrical resistivity of unal- 
loyed molybdenum. (Source: Climax Molybdenum Company.) 


Improvement in mechanical properties may be achieved 
by introducing strain into the metal at temperatures be- 
low the recrystallization value. Approximately 50 per 
cent cold work should be introduced into molybdenum to 
achieve optimum properties. Alloying also has been found 
to be a potent tool in producing material having higher 
hardness, tensile, creep and stress-rupture properties, 
along with a high recrystallization temperature. The latter 
benefit makes it possible to retain improved properties 
at higher temperatures. 

Tables II] and IV and Fig. 7 illustrate tensile, creep 
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and atress-rupture properties of pure molybdenum and 
two of the more promising alloys. It can be seen that 
molybdenum and its alloys have properties far in excess 
of those of any of the “super-alloys” presently in use 
at temperatures above 1600 F. For instance, at this 
temperature the “super-alloys” have a 100-hr rupture 
strength of less than 10,000 psi. 

The properties indicated here are typical; 
properties will depend upon specific processing and test- 
ing conditions. Depending on alloy content, processing 
sequences and testing procedures, molybdenum alloys 
have been engineered to have tensile strengths ranging 
between 45,000 psi (for castings) and 300,000 psi (for 
highly worked wire.) Similarly, the hardness of unalloyed 
cast molybdenum and some of the more promising 
worked-alloys may vary between 180 and 300 on the 
DPH scale. 

The importance of alloying is increasing; it has en- 
hanced the strain-hardening characteristics of molybde- 
num and further improvements may be expected. In addi- 
tion, the use of dispersion hardening, common to a num- 
ber of other materials, may find application in molybde- 
num alloys. 

Whereas the recrystallization temperature is of utmost 
importance in determining the maximum service condi- 
tions, the transition temperature determines the ability 
of these alloys to be worked into useful products and to 
maintain integrity at low temperatures. Above the tran- 
sition temperature, strains are accommodated by plastic 
deformation (ductile fracture) and below this level by 
the propagation of microcracks without plastic deforma- 
tion (brittle fracture.) The actual temperature depends 
on the type of stress conditions imposed on the sample, 
and on its prior processing history. 

The various refractory metals have the following ap- 
proximate transition temperatures in the recrystallized 
condition in an unnotched tensile test: 


actual 


Metal 


tantalum 


Transition temperature (deg C) 
less than —200 
columbium -—100 
mulybdenum 0 
tungsten 300 


chromium 350 


Temperature, deg F 


Molybdenum is not the most brittle of the refractory 
metals, and relatively low temperatures may be adequate 
to accomplish various fabrication operations. (These 
operations are discussed under the section on Fabrica- 


tion. ) 


Chemical Properties 

Molybdenum and its alloys exhibit chemical resistance 
to corrosion by mineral acids (HCl, H,SO,, HF and 
H,PO,) and caustic solutions. It is not generally stable 
in oxidizing acids, such as nitric and aqua regia, although 
it may become passive to concentrated solutions at low 
temperatures. 

Furthermore, molybdenum is of potential interest in 
the handling and processing of liquid metals. It is highly 
resistant to molten bismuth and sodium, both of which 
are significant in nuclear applications, and is totally re- 
sistant to mercury, which makes it desirable as an 
electrode in mercury switches. 

While molybdenum is not resistant to high-temperature 
air, water vapor or sulfur dioxide, it is relatively stable 
in carbon dioxide, hydrogen, ammonia and, to a lesser 
extent, nitrogen at temperatures up to 2000 F. At this 
temperature level, hydrocarbons and carbon monoxide 
tend to carburize molybdenum. The metal is resistant to 
vapors of iodine, bromine and chlorine at temperatures 
up to 1450, 850 and 450 F, respectively. The gross in- 
adequacy of molybdenum in high-temperature air is 
perhaps the major single limitation to its use in wide 
ranges of applications. 


Oxidation Prevention 


For high-temperature service in oxidizing atmospheres, 
molybdenum and its alloys are unable to resist rapid 
oxidation. Attempts at alloying to form protective oxide 
films have been unsuccessful, largely because of the un- 
stable oxide formed by molybdenum. This oxide (MoO,) 
melts at 1460 F. At temperatures of 1415 F, its rate of 
evaporation is equal to its rate of formation, and in 
low-velocity air at 1800 F, the surface of molybdenum 
recedes at a rate of approximately 0.030 in./hr. This 
rate is over 50 times that shown by high-temperature iron- 
chromium-nickel alloys. Clearly, then, in the range in 
which molybdenum is considered ideally useful from 


Fig. 7-—-Comparative creep 
strength of molybdenum- 
base alloys and other alloys 
at elevated temperatures, 
based on secondary creep 
rate of 0.0001 per cent per 
hr. (Source: Metal Prog- 


ress./ 
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Table !!— Physical and Thermodynamic Properties of Refractory Metals* 


<_< lll lll lll lll LLL LLL 


| Coefficient 
Thermal Electrical Heat of linear 
Melting | conductivity,| resistivity, capacity, expansion, 
point, Crystal | Density, cal/cm*/ microhm-cm cal/gm 10-*/deg C, 
Metals deg C | gtructure* gm/cm?* jcm/deg C/sec at 20C at 20C near 20 C 


0.48 
| 0.17 


.032 
.033 
.031 
033 
061 
032 
065 
058 
035 
.059 
119 
107 


Tungsten 3410 BCC 19 
Rhenium 3180 | | HCP 21. 
Osmium 3000 HCP 22. 
Tantalum 2996 i BCC | 16 
Molybdenum 2610 BCC 10 
Iridium 2442 FCC 22 
Columbium 2415 BCC 8 
Ruthenium 2259 | HCP 12 
Hafnium 1975 | HCP» 13 0.053 
Rhodium 1960 FCC 12 0.36 
Vanadium 1900 | BCC | 6 0.074 
Chromium 1875 BCC 7 0.16 
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© Source: Battelle Memorial Inetitute 
® BCC designates body. centered cubic; HCP designates hexagonal close packed FCC designates face-centered cubic 
> HCP lattice transforms to BCC at 1510 € 
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the structural point of view (i.e., 1700 to 2500 F) a Table Ill — Elevated-Temperature Tensile 
protective coating is mandatory. A number of coatings Properties of Molybdenum 


have been developed which are satisfactory in meeting | | 
certain of the following conditions: Strength, psi 
“| Reduc- 
1. Resistance to oxidation, thermal shock, erosion, and | Test | 0.1 |Elong-| tion 
impact. | temp, | per | ation, | of area, 
? 


‘ . : | 
2. Capacity to undergo creep deformation at elevated deg | cont es head 


Material* F Tensile yield cent cent 
temperatures. : : ’ 


properties and dimensions of the underlying molybdenum 750 
after the processing required to form the protective coating, 1200 
and economy. 1600 


62,400 | 57,200 81.2 
65,200 | 48,100 86.1 
54,200 | 33,400 | 88.6 


3. Completeness of coating, coverage, retention of the Unalloyed Mo = 97,200 | 82.900 69.0 


No single coating design is capable of meeting all of 0.5 Ti-99.5 per cent | 80 | 132,100 | 99,100 | 70.0 


oan 1 
the above requirements simultaneously. Further coating Mo oat aa hon na 
research is required, including a better appreciation of | 1600 | 88,300 76.500 | any 
the advantages and limitations of present materials. . stiuiidiiieummniia 


The characteristics of some existing coatings are 0.5 Ti-0.08 per cent 75 | 122,700 |100,400 | 27 | 53 


shown in Table V. In general, the present status of coat- Zr (as-rolled and | 1800 | 85,500 ka 73 


: ° -reliev j | —_ | 
ings for molybdenum may be summarized as follows: 00 FY seved at | 2400 53,900 31 9% 


| | 








© Temperatures up to 2000 F: 


. : . * Materials etreas-relieves , o j i 
Nic kel alloy cladding has been found satisfactory for rela- ateria tress-r 1 1 hr at 1800 F after rolling to %-in. diam. 


* Elongation in 1 in. for 0.250-in. diam test specimen. 
tively simple shapes and where surface toughness is im- 


portant. More complicated shapes may often be coated 
with electro-deposited chromium and nickel-chromium alloys. 
© Temperatures between 2000 and 2400 F 
Sprayed-metal coatings find application for relatively large 
and complex shapes and often provide self-healing charac- Table IV—Stress-Rupture Strength of Molybdenum 
teristics. These coatings are generally less brittle than the 
ceramic films but not as good as the clad or plated coatings. 
© Temperatures over 2400 F 
Sprayed coatings have been found satisfactory for short- 
time protection. Ceramic and vapor-deposited molybdenum 


Stress to produce rupture in 100 hr at indicated 
temperature (psi) 


: s S Stress relieved Recrystallized 
disulfide surfaces may be suitable for long-time protection 


Material | 1600 F | 1800 F | 2000 F || 1600 F | 1800 F | 2000 F 


Unalloyed | | 
Fabrication Mo 31,000 | 22,000 | 13,000 || 16,000 | 11,500} 9000 


A critical stage in the processing of molybdenum is 0.5 Ti-99.5 | i 
per cent Mo} 66,000 | 53,000 | 34,000 | 


the initial breakdown of consolidated powder metallurgy 0.5 Ti-0.08 | 
or vacuum arc-melted ingots. Since this material has per cent zr | a 70,000 | $2,000 || — | 39,000 | 30,000 
very low solubility for oxygen, carbon and other im- i 


where conditions can be controlled to minimize stresses, 
thermal shock, and particle impact 


34,500 | 28,000 | 21,000 
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purities, they tend to segregate at grain boundaries. 
Oxides wet these grain boundaries and, accordingly, 
large-grained cast material has a complete grain-boundary 
network which makes the metal susceptible to intergranu- 
lar cracking. Cast material, therefore, is generally pro- 
cessed under conditions of lateral compression, such as 
are found in extrusion. This operation breaks up the cast 
structure and redistributes impurities so that further 
working may be performed by forging and rolling pro- 
cedures. Direct forging of powder parts is often feasible 
because of the larger grain-boundary surface areas as 
compared to cast material, despite a higher impurity 
content. 

In order to obtain enough ductility to permit further 
working, or to yield an end product with good properties, 
it is desirable to introduce at least 50 per cent deforma- 
tion into the metal below its recrystallization temperature. 
Due to the high thermal conductivity of molybdenum and 
its susceptibility to catastrophic oxidation, care must be 
taken to insure that the processing cycle is both rapid 
and protected from the atmosphere. This problem has 
been significantly minimized with the recent establish- 
ment of a facility to process reactive materials in an 
inert atmosphere. 

Forging is generally performed in a temperature range 
between 1700 and 2300 F, while extrusions have been 
performed at temperatures down to 800 F, depending on 
Material by 
these two techniques may be subjected to the various 


processing conditions. initially processed 
secondary working operations common to other high-tem- 
perature materials. In general. owing to the ductile-brittle 
transition characteristics of molybdenum, heating is re- 


quired to facilitate secondary working and forming opera- 


Table V—Comparison of Coatings on Molybdenum 


Continuous oxidation |i 


Coating 1600 F 1800 F 2000F 2200F 2600F 2800F 


Electroplated Cr-Ni 
1 mil Cr, 7 mils Ni) 


1000 350 100 1 


Metallized Al-Cr-Si 
(5-10 mils 


~100 


Metallized Ni-Cr-B 
5-10 mils 


Metallized Ni-Si-B 
5-10 mils 


Metallized LM-5 
5 mils 
Vapor-deposited 2000 
MoSi: (1-3 mils 


Vapor -deposited Chro 
malloy W-2 (1-3 mils 


Clad Ni-base (3 mils 


ZrO; frit (10 mils 70 


Cr frit (10 mils 200 4000 


® May include occasional cycling for examination 
© After extensive prediffusion 

© Boride modification 

¢ Within part-design limitations for process 
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3000 F 


tions, The working temperatures for fabricating molybde- 
num sheet or bar in a variety of operations are shown 
in Fig. 8. Where care is taken to prevent contamination 
and to insure sufficient ductility for the contemplated 
fabrication operation, complex parts can be produced. 


Joining 

The joining of molybdenum to itself and to other 
materials is complicated by the same factors that con- 
front the processor of high-purity ingots and the con- 
verter of such ingots into final products. In particular, 
these factors include the metal’s susceptibility to brittle- 
ness due to oxygen, nitrogen and carbon contamination, 
the detrimental effect of large grain size on ductility, 
and the loss of strain-induced mechanical properties by 
recrystallization. Certain physical properties which are 
assets in many applications become problems during 
welding. In particular, the high thermal conductivity 
may result in a relatively large heat-affected zone during 
welding, and the low coefficient of expansion may cause 
high residual stresses, warping or fracture upon joining 
molybdenum to other metals having higher expansion 
coefhcients. 

Inert gas-shielded arc-welds (with or without filler- 
wire additions) have been produced which are satisfac- 
tory for a number of applications. Since the material at 
the weld is fused, it is of necessity recrystallized and the 
impurities are deposited at the large grain boundaries. 
These conditions result in a degradation of both strength 
and ductility. To minimize embrittlement, extreme clean- 
liness of the surfaces to be joined is essential. It has 
been found that electrolytic etching with sulfuric-chromi 
acid solutions is desirable. In addition, commercial inert 


Hot ductility, or 
resistance to 
during 


Thermal -shock 


failure resistance 


Stress 
induced 
deforma 

thont 


hr* 


Ball 


istic 


Prob 
able 


3200 F 3200 F 3400 F 3500 F impact rating 


Pair Fair 


Good 


Poor Good 


Fair ' 


Good Excellent Fair 


Good Excellent Fair 


Excellent Several’ Fair (? 
Fair Good 
Good 


1 min 


Fair 
Good 


Good 


seually lees than 1 min 


* In the RT to 400 F and 1600 to 3000 F ranges 
f After diffusion treatment 
© At ambient temperature 


for heating or 
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reliability 


Good (? 2000 


Excellent Good 


Good (?) 


gases generally require further purification in order to 
obtain welds with a reasonable amount of ductility. Such 
atmospheres must generally contain less than 0.005 per 
cent of oxygen and 0.1 per cent of nitrogen. Welding is, 
as a rule, facilitated when the work pieces can be pre- 
heated to a temperature of approximately 400 F. 

Other joining methods (such as resistance, electron- 
beam, ultrasonic, and pressure welding) utilize shorter 
cycles or lower temperatures, thereby minimizing con- 
tamination or recrystallization effects. These techniques 
presently have limited versatility since only relatively 
simple shapes can be processed and large-scale equipment 
is not available. 

Brazing has been used for a number of years in join- 
ing electronic components. This type of point is usually 
satisfactory where gas tightness is required without 
structural strength. The lower temperatures employed 
in brazing generally minimize the impurity contamina- 
tion problem and the degradation of the base metal by 
recrystallization. Conventional brazing materials such 
as copper or silver, and their alloys, have proved satis- 
factory for moderate-temperature service. A silver alloy 
(50 per cent Ag, 15.5 per cent Cu, 15.5 per cent Zr, 16 
per cent Cd and 3 per cent Ni-—melting point 1195 F) 
is especially recommended for molybdenum brazing. For 
higher temperatures, a 70 per cent nickel/30 per cent 
molybdenum alloy (melting point 2425 F), pure nickel 
(melting point 2621 F) and platinum (melting point 3224 
F) are useful. For structural service up to 2000 F, a 
nickel-chromium-boron alloy (AMS 4775) is satisfactory 
when brazing is done in hydrogen. Where hydrogen 
brazing is not feasible, high-temperature joints can be 
made in vacuum with a variety of palladium alloys. 
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resistance Facility of 
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Fig. 8 — Suggested minimum working temperatures for molyb- 
denum and Mo-0.5Ti shapes. (Source: SAE Journal, August 
1959.) 
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The strength of brazed joints is dependent on the 
properties of the braze material and the effect of diffusion 
with the base metal. Such diffusion may form brittle 
intermetallie compounds, or it may, in some cases, form 
a higher-strength joint. 

Some success has been reported in soft soldering to 
molybdenum using an abrasive wheel containing Woods’ 
metal (60 per cent lead/40 per cent tin alloy) to transfer 
the solder to the molybdenum. 

Mechanical fastening, as by riveting or the use of 
lock-seams, has been attempted where gas-tight joints 
are not required. Some consideration has been given to 
utilizing mechanical joints in conjunction with brazed 
joints in order to provide a means of jigging during 
brazing and to obtain higher-strength joints in the final 
product. Small bolts have been made from molybdenum 
and successfully applied by heating the parts to be joined 
to approximately 500 F and the rivets to between 1000 
and 1200 F. 


Potential 


Molybdenum alloys are, and will continue to be, 
challenged by columbium alloys for service at tempera- 
about 2000 F, due to columbium’s superior 
oxidation resistance. At higher temperatures (2500 F), 
tantalum and tungsten alloys will be useful. However, the 
unique combination of properties explored in this article 
is strong reason to believe that the present interest in 
and increasing use of molybdenum alloys will continue. 
Such utilization will in large measure depend upon the 
solution of a number of problems. Foremost among these 
problems, particularly for applications requiring long- 
time exposure in oxygen-containing environments, is the 
appreciation of the value of presently developed protec- 
tive coatings and further development of improved oxi- 
dation-resistant materials. Efforts in this direction may 
be furthered by recent improvements in techniques for 
flame spraying and plasma-jet coating of dense refractory 
alloy and ceramic materials. 

The introduction of alloys having higher mechanical 
properties at elevated temperatures and higher recrys- 
tallization temperatures is indicated. This development 
may come to fruition with the availability of facilities 
capable of working material at temperatures higher 
than 2500 F. oo°o 
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Adaptive Control Systems 


A Survey 


Adaptive control is a natural extension of the more familiar feedback 


control which has reached an advanced state of development in the 


past twenty years. The next few years will undoubtedly see a cor- 


responding advance in the design and use of adaptive control sys- 


tems. The ultimate result will be the development of mechanisms 


which approximate still more closely the abilities of human beings 


and the use of these mechanisms to extend man’s control of nature. 


R. A. MATHIAS* 

R. L. VAN NICE 

New Products Laboratory 
Westincnouse Evectric Corporation 
Cheswick, Pennsylvania 


ADAPTABILITY TO CHANGES in environment has usually 
been associated with plants and animals. There is a phy- 
siological adaptation, for example, in which the eyes ad- 
just themselves to different levels of illumination: and 
there is a biological adaptation, in which a species be- 


Fig. 1 — General form of an adaptive system (a) and sequence 
of functions performed by adaptor (b). (The “plant” is the 
control system or any other apparatus which is to perform a 
specified function.) 
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comes more perfectly fitted by evolutionary processes 
for existence under the conditions of its environment. 
In recent years, man has been designing and building 
mechanisms which have more and more of the charac 
teristics of living organisms. Control devices have been 
conceived which are essentially mechanical counterparts 
of the regulator and control apparatus of human beings. 
Temperature controls and position servos are two ex 
amples. Adaptive control systems and learning machines 
are now receiving a great deal of attention and publicity 
One can discern great future promise even at this early 
and somewhat chaotic stage of their development. 

In this article it will not be possible (and it is perhaps 
not desirable) to go deeply into the detailed description 
or analysis of specific adaptive systems. Our purpose is 
rather to classify or categorize the various developments, 
to describe briefly their essential features, and to provide 
a guide to the existing literature. 

The material for this article has been gathered from 
a study of the literature and from visits to a number of 
individuals and groups active in the field. One of the 
difficulties encountered in reviewing a new field is the 
disparity in terminologies and classifications used by the 
various developers. (1)* No attempt has been made 
here to give a complete guide to the various usages. In- 
stead, a set of terms is used uniformly to describe var- 
ious adaptive control systems. 

General Form of an Adaptive System. For the 
purpose of gaining a general view of adaptive systems, 
the adaptive process may be analyzed as follows: First, 


* Mr. Mathias is also an. instructor at the Carnegie Institute of Technology 
Pitteburgh, Pa 
7 Italic sumerals in parentheses refer to Cited References at end of article 
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there is a control system or other apparatus which is to 
perform a specified function in spite of severe internal 
or external disturbances. The term plant is used here 
to designate this entity, Second, there is a means of 
adapting the system or plant to its environment. We 
like to call this part the adaptor. Figure 1(a) shows the 
interrelation of plant and adaptor in the simplest block- 
diagram form. , 

The adaptor is essentially an information-processing 
device, receiving information from the plant (including, 
in general, its inputs and outputs) and sending inform- 
ation to the plant calling for modifications. One possible 
breakdown of the operations performed by the adaptor 
is shown in Fig. 1(b). The terms selected for these 
operations are sensing, evaluation, decision, and excita- 


tion. This sequence of operations or functions is found 


in many (if not all) adaptive systems and, therefore, 
provides a useful framework for the analysis of specific 
systems. 

The adaptor functions are defined as follows: 


1. Sensing. The measurement of variable quantities, in 
cluding internal plant variables and input and output signals 
of the plant. In some cases it is convenient to lump some 
further processing with sensing; for example, filtering, aver- 
aging, scaling, and computation of derived quantities. 

2. Evaluation. The comparison of sensed information with 
a model or a performance criterion to determine whether 
corrective action is or is not required. 

3. Decision. The choice of a corrective action which of 
several plant parameters is to be changed, by how much, 
and in what direction. 

4. Excitation. The stimulation of the action decided upon 


by means of signals to actuation devices, etc 


In a different vocabulary, the adaptor compares what 
is with what shall be, decides what is to be done, and 
does it. Then it repeats the cycle. 

Another approach to the subject of adaptive systems 
may be stated as follows: Suppose you are the designer 
of a piece of equipment. You build a breadboard model, 
determine how it works, compare with the goal, decide 
what changes to make, make them, etc. You are acting 
as an adaptor. In some situations — for example, if 
you are designing an electronic circuit — you could 
have made the breadboard flexible. Then you could have 
built a device which would have automatically tested 
the breadboard, compared results with a built-in goal, 
decided what to change, and changed it, etc. You would 
then have designed an adaptive system. 

The view of adaptation presented here is so broad 
as to include systems which many people would not care 
to call adaptive. Perhaps the distinction to be made is 
that of level of adaptation. Consider the example of driv- 
ing a car. The driver makes responses which in some 
sense aye certainly adaptive—adjusting to different road 
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conditions, speeds, blowouts, etc. But an even higher 
level of adaptation is shown by the ability to drive 
a wide variety of automotive vehicles with entirely dif- 
ferent characteristics. By analogy, then, a simple auto- 
pilot would not be called adaptive by some people; but 
a universal autopilot which adapts itself to a variety of 
aircraft would be. Yet both in a broader sense are adap- 
tive. 

The term “multilevel” is applied to an adaptive sys- 
tem whose basic function is adaptation but with an 
adaptor included to annul the effects of disturbances 
and, in turn, another adaptor acting on the first, etc. (2) 
Such a system would be awkward indeed if it were 
built simply by piling equipment on top of equipment. 
The best examples of such systems are biological or- 
ganisms, whose adaptive mechanisms are interlinked 
with each other, with each part performing multiple 
functions. 

Some people feel strongly that the term adaptive 
control should be reserved solely for feedback control 
systems in which certain parameters in the control 
loop(s) are adjusted automatically to compensate for 
changes in plant and/or signal characteristics. Their 
reasons for favoring this restricted definition include: 
(1) the term was first used in this sense, although it 
was later applied to a variety of other systems, (2) a 
restricted meaning for a term aids communication, and 
(3) duplication in future development might be mini- 
mized. 

Description of Some Adaptive Systems. A sys- 
tematic comparison of some adaptive systems, most of 
which will be described in somewhat more detail, is 
given in the table on pp 120-121. The systems chosen 
for the table are primarily those which have already 
been proved to be practical for their intended applica- 
tion. Of course, most of the adaptive methods considered 
could be employed with types of plants different from 


Evaluation 


trip position Is contoct 
compored with detween strip open 
reference and reference furnace 


position mode ? gos valve 


Reference 
temperature 


inside 
House temperature 
plus Output 
furnace 


Disturbances - outside 
temperature , wind, opening 
of doors, etc 


Fig. 2—Simple temperature feedback control illustrating 
adaptation. 
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High-goa 
low-phase-shift 


forward path 


Fig. 3— One adaptive scheme for reduction of effects of dis- 


turbances. 


Fig. Adaptive control scheme of MinneapolisHoneywell 


those used in the table, although the applications given 
are the original or most usual, 

In the column headed Disturbances are listed only 
the most disturbing influences. These are usually the 
main reason for the use of adaptation. They may take 
the form of external influences such as varying loads, 
forces, ambient temperatures, and noise in input signals, 
or internal disturbances such as generated noise, drift, 
or aging in component values or effectiveness, and even 
actual destruction or failure of a portion of the system 


@ Home Heating System. A simple home heating 
system is a familiar feedback control system (Fig. 2). 
Since the effects of the furnace’s raising of the temper- 
ature are fed back to order it to stop adding heat, we 
term this an adaptive system within our use of the word 
All of the adaptive functions of sensing, evaluation, 
decision and excitation are present, as may be noted in 
the table. The disturbances here might be variations in 
gas pressure or even the gas Btu value (assuming a 
gas-fired furnace), 
and wind, opening of doors or exhaust fan outlets, etc. 


fluctuations in outside temperature 


Independently of these influences, the temperature can 
normally be maintained within a narrow range of what 
is called for by the thermostat. Of course, the location 
of the thermostat and the type of thermostat used have 
much to do with how the temperature level is maintained 
and whether there is an anticipatory or lagging effect 
in sensing and evaluating temperature. 


@ “Conditional” Feedback Systems. In 1955, Lang 
and Ham presented a paper (3) on what they termed 
“conditional” feedback. Their work has apparently in- 
fluenced others in the adaptive control field. The con- 
ditional feedback method involves the separation of the 
functions of the feedback portion of the system from 
the part which determines the input-to-output response 
In Fig. 3, a loop is shown with a forward path which 
alone receives the effect of the most disturbing influences, 
and if a high forward gain with low phase shift can be 
maintained in spite of disturbances, then the input-output 
response characteristics can be determined solely by a 
separate portion of the system. The “model” is the 
desired response which modifies the input signal. The 
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same response can also be achieved by placing the in- 
verse of the model in the feedback. 

Actually, Lang and Ham probably placed greater 
emphasis on a slightly different system from that of 
Fig. 3: i. e., one with a model having a response which 
was the reciprocal of a relatively low response loop. 
However, a practical system with power gain cannot be 
accurately matched beyond its bandwidth, and so the 
original principle of the Lang and Ham system was 
not generally feasible. 


@ A Switched-Parameter Servomechanism, The work 
of Flugge-Lotz and Taylor (4) illustrates how parameter 
values may be switched in a feedback control system 


to meet some predetermined goal such as minimum 
average error. One example is built around a second- 
order linear instrument servomechanism. (5) Two feed- 
back paths are used, one of which effectively controls 
the amount of system damping by a parameter adjust- 
ment and the other essentially determines overall loop 
gain by another parameter adjustment. After four polari- 
ties (output and its rate, error and its rate) are evalu- 
ated, a logic unit decides which of two possible para- 
meter values are to be used in each of the two feedback 
paths, and the polarity of each feedback. For instance, 
when error and error rate are both positive and output 
rate is negative, drastic centrol action is required to 
reduce the error quickly. Thus, both parameters are 
adjusted so that maximum corrective effort is exested 
with negative damping until one or more of the evalu- 
ated quantities changes sign. Then, reduced corrective 
action might be taken with positive damping, for ex- 
ample. The adaptation in this system is to each signal 
and/or disturbance as it occurs. As such, the system 
would be said to exhibit a low degree of adaptation 
since it does not “learn” from previous experience what 
commands or disturbances are to be expected in the 
future. 


@ An Adaptive Flight-Control System, Figure 3 can 
also be used as the starting point of the discussion of 
the Minneapolis-Honeywell adaptive flight-control sys- 
tem. (6) The general scheme used in one axis of this 
system is shown in Fig. 4. The feedback loop on the 
right is maintained at about as high a gain as possible 
under all flight conditions. The gain limitation, of course, 
is such that, for certain flight conditions, the plane will 
respond with a much reduced rate. Within the limitations 
of the maximum control force that may be exerted in 
these conditions, the remainder of the forward-path gain 
can be made up from the forward-path amplifier system. 
The net forward gain can usually be made large enough, 
while maintaining system stability, so that the model 
almost entirely determines the overall response from in- 
put command to output (pitch rate, for example). 

The adaptor in the Minneapolis-Honeywell system em- 
bodies a device that senses and evaluates the difference 
between desired and actual output. It then decides on 
the magnitude vs time relationship for the maximum 
forward-signal magnitude. In effect, it provides maxi- 
mum corrective force when it is required to reduce error, 
and it provides reduced or reversed corrective force 
when the error becomes small so that overshoot will be 
at a minimum. It is highly nonlinear with respect to 
the control signal in much the same manner as the non- 
linear adaptive system of Taylor. 
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As was true of the Lang and Ham system previously 
discussed, this M-H control method also adapts to each 
input or disturbance as a new event. The adaptability 
is limited by the output-power limitation. 

This adaptive scheme requires relatively simple hard- 
ware for its implementation, and the adaptation to a 
new environment usually takes place more quickly than 
with the more usual parameter-changing schemes. 


e@ G.E. Adaptive Flight Control. An adaptive flight- 
control system developed by Marx of General Electric 
is briefly mentioned here because it illustrates another 
viewpoint in adaptive control. (6) An interesting feature 
of his work is the criterion for parameter adjustment, 
which is to maintain the system natural frequency at 
the value the pilot prefers. The system natural frequency 
is measured from the normal error signal, rather than 
by using a test or perturbation signal. 


e@ M.LT. Adaptive Flight Control. Figure 5 shows 
the general scheme for one axis of a flight-control system 
developed by the Instrumentation Laboratory of M.LT. 
(6) In common with some of the other methods already 
described, the adaptor portion of this system is supplied 
with an error signal which is the difference between 
the model (desired) response and actual plant response. 

Among the several interesting features incorporated 
in the adaptor is the method of evaluation of the error 
signal. Three different time intervals of integration of 
the error signal are used to give three essentially inde- 
pendent evaluations of the plant. Each of three control- 
lable parameters of the plant is closely related to one of 
these evaluations. Upon the application of a command 
to the control system, the error signal is integrated up 
to a time specified by the desired plant dynamics. The 
resulting sign of this integrated value then determines 
the direction of change of the parameters corresponding 
to this particular evaluation. Thus, this portion of the 
adaptation is a simple nulling process. 

One of the parameter evaluations is based upon the 
integrated absolute error over a time moderately long 
compared to plant dynamics. The parameter controlled 
as a result of this evaluation tends to reduce the overall 
dynamic error between desired and actual response, 
rather than specific portions of the dynamics as handled 
by the other two evaluations. Of course, the integrated 
absolute error cannot be nulled, but only minimized. 
Since the minimum value possible will depend upon the 
state of the plant and to some extent on the other adap- 


Fig. 6-- Adaptive scheme based on plant impulse responses. 
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Fig. 5 — Adaptive flight control developed by Massachusetts 
Institute of Technology. 


tive parameter adjustments, an extremum adaptor can 
adjust for the minimum. (Extremum adaptation methods 
are discussed later.) This is an example of “low order” 
adaptation as a portion of a “higher order” adaptor. 

Even though this M.I.T. adaptive system is moderately 
complex to implement, it has a number of attractive 
operational features. One is that the adaptive portion 
could fail, but the system would continue normal feed- 
back control operation with fixed parameter values. 
Another feature which surely will be more fully exploited 
in future systems is the redundancy in the adaptation 
such that only any two of the three parameter adjust- 
ments need be made to achieve approximately the de- 
sired response. This means that any of the parameter 
adjustments may fail with little degrading of response. 
Still another feature is the fact that the model dynamics 
are “slowed down” when the available control forces in 
the plant are so limited that desired response is not 
physically attainable. Thus, the model itself “adapts” 
and this could be a predecessor to a class of higher- 
order adaptive systems in which, through learning, the 
model characteristic could change automatically. 


@ A Cross-Correlation Sensing Technique. There are 
several interesting methods of adapting a system by 
maintaining plant impulse response at a desired value. 
Since impulse response may be found by measuring the 
output upon application of an input impulse, one possible 
method is to feed small test pulses into the input with 
their time spacing large compared with response time. 
The resulting output response is sensed by measuring 
the amount of overshoot, effective damping ratio, or 
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For some plants, the implication of test pulses large 
enough to have their responses sensed above the noise 
without difficulty may mean that the pulses are upsetting 
the desirable normal operation of the plant. Correlation 
techniques have been investigated as a means of allevi- 
ating this problem. An interesting example of this is the 
adaptive control system described in Cited Reference (6) 
on page 349. This system makes use of the fact that the 
cross-correlation function of the plant input and output 
is the plant impulse response when the plant is fed a 
test signal or white noise with bandwidth several times 
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that of the plant. (7) In this case, the test or perturbing 


signal may be of the order of magnitude of the system 
noise, since the correlating technique aids in “digging” 
the effects of the test signal “out” of the ambient noise. 

Figure 6 shows the arrangement of the elements for 
the cross-correlating adaptive scheme. The white-noise 
generator supplies a wide-band noise signal to be mixed 
with the plant input. This noise magnitude may be small 
enough that its effect is practically unnoticeable. This 
same signal delayed by a time, ¢, is fed to the sensing 
unit, where it is multiplied by the instantaneous value 
of plant output. This product, when averaged, yields the 
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Ee System can still operate in usual manner if all of adaptive 


portion fails. Model dynamics automatically slow down 
when airplane dynamics can not “live up” to what is required. 
No test signal required. Redundancy in the adapting action 
helps speed up the adapting as well as affording a consider- 
able degree of reiiability. Two of three parameter changes are 
sufficient 


Little disturbance of system by “test signal” since the signal 
may be kept very small and “dug out” of other noise by the 
correlation techniques. Requires a fairly complex system to 
handle information 


Moderately simple to implement adaptor. Fairly slow in 
adapting to environmental changes 


sperk 


| Peete | no perturbation signal. Circuit simple except pos- 
sibly for four-quadrant divider required for each input 
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quickly than by steepest ascent methods. Only two or three 
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complexity 
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decision and excitation functions can be performed by « 
single computer (probably digital) 
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time ¢ after the impulse. Different values of delay, ¢,, t., 
etc., may be handled simultaneously by parallel channels, 
giving the values of g(t,), e(t.), ete. 

The evaluation technique shown in the figure measures 
the ratio of positive-to-negative areas under the response 
curve. This number is then examined to see if the present 
plant damping ratio is larger or smaller than the desired 
value. Based upon this decision, parameter changes are 
made to bring the damping ratio toward the desired value. 

The cross-correlation technique has the advantage of 
determining changes in the assumed slowly varying plant 
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“Training” of system is required before high probability of 
pattern recognition is” achieved. Random necise added to 
weight sums scems to aid training in breaking up “stalling” 
action. System quite complex to implement with known 
components 


characteristics in a time which can be quite short com- 
pared to the time for appreciable change in the charac- 
teristics. In addition, considerable information to guide 
adaptive modifications is obtained. The implementation 
of this scheme does require considerable hardware. If a 
system with multiple inputs and outputs were to be con- 
sidered, the extension of this scheme would require a 
quite complex information handling system. 
Extremum Adaptation. An extremum of a fune- 
tion is a point at which the function takes on either a 
maximum or a minimum value. Extremum adaptation 
refers to a class of adaptive control processes in which 
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the goal is to maintain a plant performance criterion 
at a maximum (or minimum) value as plant character- 
istics and environmental conditions change. Optimalizing 
and optimizing control are other terms which have per- 
haps been more commonly used. 

Familiar examples of extremum adaptation include: 
tuning a radio, focusing a camera or projector, and 
balancing an impedance bridge. Usually the human being 
acts as the adaptor, seeking and attempting to maintain 
optimum conditions, but automatic frequency control in 
radios and automatic bridge balancing are quite com- 
monly performed mechanically. (The reader may gain 
a better appreciation of the problems and procedures of 
extremum adaptation by mentally reviewing his own 
experiences as part of an adaptive control loop.) 

In contrast to the ordinary feedback control system, 
which has as its goal the reduction of an error signal 
to zero, the extremum adaptive system is designed to 
reduce a slope to zero. It must therefore use information 
from more than one point: i.e., it must either measure 
the slepe approximately or determine the deviation of 
the present output value from an assumed reference 
value (which may be the best value found up to that 
time). Of course, the best attainable value of the per- 
formance criterion may change with time, as may the 
input conditions associated with this extremum. One may 
visualize the extremum adaptive process as that of climb- 
ing blindly to the top of a hill which is slowly changing 
its shape and height so that one must move around in 
an attempt to stay at the top. 

Two general approaches to extremum adaptive control 
are the exploratory and the predictive methods. The 
basic distinction between them is this: the exploratory 
approach makes tests directly on the plant as it goes 
along, while the predictive approach starts with some 
approximate plant model which it uses to predict the 
best thing to do, and revises this model as it goes along, 
using measured results. 


@ Continuous Exploratory Procedures. Exploratory 
changes in the controlled input variables to the plant 
can be made either continuously or discretely (in steps). 
The continuous method requires that the resulting 
changes in operation occur with only a small delay so 
that proper correlation can be made between input and 
output changes. The discrete method usually makes a 
change and then waits until the plant has come to equi- 
librium before measuring the result of the change: hence. 
it may be used when delays are of the order of from 1] 
to 8 hr, as they may typically be for chemical processes. 

The classical study of continuous exploratory pro- 
cedures is that of Draper and Li. (8) They distinguish 
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two classes of optimalizing controllers: those that use 
input-output sensitivity (slope) for control, and those 
that use deviation from an indicated optimum output. 
The former class is further divided into (1) sensitivity 
signal input, (2) continuous test signal, and (3) output 
sampling controllers. “In controllers of the sensitivity 
signal input type, suitable input changes are applied to 
the controlled system for driving the operating condi- 
tions toward the optimum point, and the sensitivity signal 
input for the controller is derived from the direction and 
magnitude of the output changes caused by the applied 
input changes. Continuous test signal controllers apply 
a relatively small-amplitude test input change, inde- 
pendent of the input correction adjustment to the con- 
trolled system, and use the corresponding output varia- 
tion to give a measure of sensitivity. Output sampling 
controllers obtain signals representing controlled system 
sensitivity by comparing the average output changes 
that occur during successive time intervals because of 
a given controlled input change.” (8) 

The second class is commonly called the peak-holding 
type. “Optimalizing controllers of the peak-holding type 
operate by continuously searching for an indicated 
optimum output level which is used in the generation of 
the indicated output deviation signal.” A simple example 
of peak-holding control (which is probably the most 
The inde- 
pendent variable x is swept at uniform rate back and 
forth in the region of the peak of the function » fix). 
The value of y, as an electrical signal, is used to charge 


commonly used form to date) is as follows: 


a capacitor through a rectifier, so that the capacitor 
retains the peak value until discharged. This peak value 
of charge is the indicated optimum output level men- 
tioned above. The indicated output deviation signal is 
then the difference between the current value of y and 
the stored value. Initially, let us suppose, the capacitor 
is uncharged: x is allowed to start increasing, and 4» 
increases as the peak is approached. As soon as the peak 
is passed, the output deviation signal starts increasing, 
and when it reaches a predetermined level, the direction 
of sweep of x is reversed and the capacitor discharged. 
x sweeps back and forth 
in the region of the peak even though the peak shifts 
slowly in position and magnitude. Because of this “hunt- 
ing” action, the average value of y is less than the peak 
value 


This process is repeated: i.e., 


and this is the price paid for having optimalizing 
control. The hunting loss can be reduced only to the 
point that spurious reversals occur because of noise in 
the output deviation signal. 

Peak-holding controls have been used for laboratory 
experiments with an internal combustion engine and for 
jet engine control (to minimize fuel consumption). Ap- 
plication to multivariable maximization requires switch- 
ing from one variable to another, a procedure which may 
or may not be successful, depending upon the application. 

It will be noted that a peak-holding optimalizing 
controller is a nonlinear device using switching. It may 
safely be said that all extremum adaptive systems are 
nonlinear. 

The next approach to be described is that of Eckman, 
which uses analog computer elements and no switching 
devices. (6) The simple system shown in Fig. 7 has 
one nonlinear element in it—the divider—which has 
as its function the production of an input-output sensi- 
tivity signal, dm/dt. 
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The plant is assumed to have a steady-state character- 
istic p(m) followed by a simple time delay, T(dc/dt) 
+ ¢ p. As shown in the figure, the output of the 
differentiator is K(de/dt). Also, since the output of the 
integrator is m, its input must be dm/dt. The divider 
produces K(de/dm), which is also equal to dm/dt. 
The system equation is now found by differentiating the 
equation above: 


r( de de dp dp ) dm ° 
df 4 dt dt (= (Fi ) 


and substituting, 
de ( de ) dm ) . l ( dm ) 
dt dm ( dt K\ dt 
d'c (< )( dm ) am ) 
dt K dt ( dt 


Cancelling out dm/dt gives 


T dm l dm dp 
( )( de ) (x )( dt ) dm 
This equation holds only for the stationary case, where 
p is a function only of m and not of ¢.) It can be seen 
that the sensitivity signal is the forcing function in the 
differential equation. When it is positive—i.c., the plant 
characteristic slopes up to the right, 


7 m l dm 
(x )( df ) (x) a) 
is positive, which means either that m is increasing or, 
if it is not increasing, it is at least accelerating to the 
right. The simplest case to work out is the parabolic 
m*, Depending upon the 
values of T and K, the resulting solutions for m(t) are 
the familiar 


plant characteristic, p um 


underdamped or overdamped transients 
associated with second-order systems. Slowly varying 
peaks will be followed. There is an equipment limitation 
for extremely long-time-delay plants. 


@ Discrete Exploratory Procedures. As mentioned 
above, discrete or stepwise procedures have also been 
studied and used. They seem most valuable for control 
of slow processes and perhaps also for multivariable 
about multivariable 


search procedures might be mentioned: expressed non- 


processes. One interesting point 
rigorously, any given search procedure can be expected 
to fail on some smooth response surface. In other words, 
given a procedure, it should be possible to construct a 
process response surface which would not have abrupt 
jumps, and yet the procedure would fail to find the peak 
in a finite number of moves. The noise and drift in- 
herent in an actual system tend to “break up” this stalling 
action. 

@ Fibonacci Exploration. An interesting sequential 
search method for locating the maximum of a single- 
peaked (unimodal) function of one variable has been 
described by Kiefer (9) and Johnson (/0). Without 
attempting to be rigorous, it can be said that this method 
is the “best” in the sense that the number of test points 
required is less for the worst possible cases than for 
any other non-random search procedure. One practical 
drawback, however, is that the same number of test 
points is required in every case, no matter where the 
maximum point is located, while other procedures which 
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Fig. 8-— Example of Fibonacci Search. 


do worse for some cases will do better for others. 

The Fibonacci search procedure is based on the 
Fibonacci numbers, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 
144, .... which are obtained from the relations F, = 
F,.. + Fa-2, with F, 1 and F, = 1. For an interval 
(range of independent variable) of F,, we can always 
locate the maximum point within a unit-length sub- 
interval by taking only n test points. Thus, we can locate 
a maximum to one part in 144 with 11 test points. 

The procedure is as follows: for an interval F,, start 
by observing » f(x) at x = F,,.. This first point will 
be called a base point. The next move, which is a search, 
will be called a success if the value of y is greater than 
at the base point, and a failure if y is equal to or less 
than the base-point value. A success establishes a new 
base point, but does not change the sign of the next 
move. A failure calls for a change in sign of the next 
move, which is to be made from the current base point. 
Each succeeding move is the next-smaller Fibonacci 
number, F,,.,, F,.;, etc. The last move has a size ¢«, where 
« is an arbitrarily small positive number. The last base 
point locates the maximum within one unit. An example 
of a Fibonacci search is given in Fig. 8. 

The basic search procedure explained above does not 
include provision for following plant drift. One possible 
extension would be: continue making moves of size «; 
if two successive moves are successes, increase the move 
size to 1; at the first failure, follow the last step of the 
Fibonacci search. 


@ Other Sequential Search Procedures. Many other 
procedures can be devised in which there is a number 
of fixed move sizes and rules for determining which size 
and direction to make a move; but always, as above, 
using no information further than “success” or “failure” 
from the values of y at the test points. These procedures 
can be evaluated as to their performance in terms of 
the moves required in the worst possible case, or the 
average number of moves over a number of cases. Un- 
published work along these lines has been carried out 
by R. Hooks and A. F. Kaupe, Jr., of Westinghouse 
Electric Corporation. 

Similarly, procedures using numerical values of y at 
test points can be devised; a limitation will be the noise 
or uncertainty of y values. The first commercially avail- 
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Fig. 9 — Westinghouse OPCON optimizing scheme. 


able optimalizing control, the Quarie controller, has been 
described by White. (11) The size of a move is propor- 
tional to the slope of the line through the last two points. 


@ Multiple Variable Discrete Search. Hooke has dis- 
cussed the basic ideas underlying multivariable search 
procedures. (12) A number of papers exist describing 
the Westinghouse OPCON Optimizing Control and its 
applications. (13) (Previous terms: Teleological Control, 
AUTOMEX.) Figure 9 shows the block diagram of the 
general concept of OPCON control. 

Computers as Adaptors. Any of the adaptive con- 
trol methods already described could have been imple- 
mented by a computer. The computer involved could 
be either analog or digital, or possibly a hybrid of both. 
However, for the purposes of this brief discussion, let 
it be assumed that a stored-program digital computer 
will serve as the adaptor, besides undoubtedly perform- 
ing other functions. For example, a digital computer 
could perform the adaptive information handling re- 
quired to insure the desired dynamic plant response in 
the presence of severe environmental disturbances. In 
addition, the same computer, at a much more leisurely 
pace, could perform an extremum adaptation of the 
plant economic equations to give the optimum operating 
condition for the present state of the plant and its 
environment. 

As an example of one of the many methods which 
have been proposed for computer control, the one de- 
scribed by Kalman will be examined. (]4) No test signal 
is required to perturb the plant in order to examine 
response. Rather, the plant input and output quantities 
are sensed so that the pulse transfer function may be 
computed. This pulse transfer function is then compared 
with its desired value. Next, the difference between de- 
sired and actual pulse transfer function is analytically 
related to the changes required in the coefficients of the 
simultaneous control equations stored in the computer. 
The adaptive philosophy in this case is to reach zero 
error between plant command and actual output in a 
minimum time following a step change in input. Last, 
the computer directs the changes to be made in the 
plant controller corresponding to changes in the control 
equation coefficients. 

Another viewpoint of interest in this computer adap- 
tation method ties in with the earlier comment in this 
article concerning normal adaptive design procedures 
which an individual employs. Bertram (J5) has pointed 
out that Kalman’s adaptive computer control is in theory 
a standard design procedure mechanized to yield the 
“best” controller for the plant under consideration. 
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“Best” here, of course, refers to the optimum controller 
based upon the particular criterion or policy which 
has been specified. 

An Adaptive System Which “‘Learns’’. There is 
a fascinating area of adaptive control which is only in 
its infancy. This area includes systems which display the 
capacity to organize themselves, or even “learn”, in a 
manner much like that of living organisms. Unlike 
Kalman’s adaptive controller, which is mechanized to 
organize itself in precisely the manner specified by the 
computer program, the more sophisticated adaptive sys- 
tems employ many elements interconnected in a random 
manner. 

Clark and Farley, as well as others, have made experi- 
mental studies of the adaptive action of systems of ele- 
ments such as those shown in Fig. 10. (16) The ele 
ments (h;, h;) are nonlinear, each having a definite thresh. 
old which the sum of inputs to the element must exceed 
before it may fire, and thus excite necessary elements to 
which it is connected. The threshold value for firing is 
not a constant, but immediately rises when the element 
fires, and then exponentially falls to normal value. The 
interconnections are many and are randomly formed 
originally. Each interconnection has a weight (or gain) 
value which has been formulated by the history of the 
system’s training. 

For instance, the adaptive system may be “trained” 
to distinguish different patterns of system inputs by re- 
ceiving an output at the particular element (or group of 
elements) that is to represent a particular input pattern 
(or configuration). The particular 
which were used when the correct result is obtained are 
“rewarded” by having their gains increased (and/or 
having the gains of those not used decreased). In a like 
manner, if an incorrect result (output) is obtained, the 
interconnections of those taking part are decreased. It 
has been found that the adapting process in reaching 
a high probability of correct pattern recognition is 
speeded up if the input signals contain some noise (some 
random irregularities in the patterns) or if the patterns 
somewhat 


interconnections 


are presented in varying orientations or 
sequences, etc. Or random noise may be added to the 
weight (gain) 


“stalling” action and allow additional interconnection 


values since this tends to break up 


associations to be formed (or broken). 

These actions seem to be closely related to our own 
learning experiences. That is, training with the same 
pattern repetitively (by rote) tends to yield a level of 
performance which may be low the first time a variation 
of the same problem is presented. However, if the train- 
ing is done under conditions which are somewhat noisy, 
or if the methods of presentation are varied, then new 
associations of previous knowledge are formed such that 
the learning process is improved, with higher levels of 
attainment being reached. 

Adaptation of these learning systems is of a “high 
order.” Extreme changes in environment may be made, 
and yet the system will have the ability to recover. It 
may even have to learn to identify new patterns or 
identify old patterns which are considerably distorted. 
And even failure or destruction of a portion of the 
system does not render it useless. After relearning, which 
would involve the formation of new paths of information 
flow, the system could perform with possibly only slightly 
lowered probability of correct response. 
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Full-scale, self-organizing control systems of this type 
have not yet been built. As one might suspect, a system 
of this type requires many components in order to have 
the possible combinations of information paths large. 
The adjustment of the many gains as learning proceeds 
is an expensive proposition with today’s hardware. Hope- 
fully, molecular engineering advances will make possible 
techniques to develop systems which are reasonable in 
both size and cost. High-speed switching elements will 
also allow the learning process to be speeded up. 

Summary. We have adopted a viewpoint on adaptive 
control which allows us to emphasize the functional 
similarity of seemingly dissimilar adaptive methods. The 
reader is invited to apply the idea of an adaptive se- 
quence of operations (sensing, evaluation, comparison 
and excitation) to the analysis of any adaptation process 
in order to test our viewpoint. 

Two orders or degrees of adaptation may be dis- 
tinguished. The first is adequate to provide stable and 
efficient plant operation under the “normal” conditions 
encountered in continuous operation: disturbances due 
to aging and wear of plant components, to temperature, 
humidity, and other ambient variations. The second and 
higher order of adaptation maintains system safety under 
emergency or transitional conditions: failure or destruc- 
tion of plant or adaptor components, and start-up or 
shut-down situations. Clearly, the higher order of adap- 
tation is desirable when the plant represents a large in- 
vestment, or has an important mission, and is most 
necessary when a human being cannot be used as the 
adaptor. It would seem that much remains to be done 
in developing adaptive systems of both orders. 

Not enough is known quantitatively about the basic 
limitations of adaptive systems. For example, it is easy 
to make the qualitative statement that adaptation is pos- 
sible only when the disturbances affecting the plant are 
slow enough. An adaptor may not be able to distinguish 
between the effects of disturbances and the results of its 
own actions. Therefore, the adaptor may act as if both 
good and bad results were cue to its own efforts—and 
being out of touch with reality can, of course, lead to 


irrational behavior. One possible solution is to provide 
the adaptor with more information about disturbances, 
so as to give it more predictive ability. 


The preceding paragraph has discussed the interfer- 
ence of low-frequency phenomena with the adaptive 
process. High-frequency disturbances, or noise, can also 
limit performance of an adaptive system. We have indi- 
cated that the sensing function may include filtering to 
reduce this interference. As Draper and Li have pointed 
out, (8) there must be some middle band of frequencies 
which the adaptor can use to obtain accurate information 
about the plant. No quantitative statement concerning 
this frequency picture of adaptive control limitations is 
known to the authors. Perhaps information theory can 
be applied to determine the “best” way of perturbing the 
plant to gain maximum information about its current 
state. 

Another desirable quantitative result would be the 
specification of a measure of adaptability, which would 
allow comparison of different systems. At present we 
must use an intuitive measure. It is possible that a quan- 
titative measure would show the relative importance of 
signal-information limitation and of system energy or 
hardware limitations. Oo0Oo 
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Fig. 10 — Portian of a possible configuration of a self-organiz- 
ing system. 
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The Theory of Numbers 
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DISCOVERING FACTS, and laws, about numbers. 
space, and limits is one of the important aspects of 
mathematics. The theory of numbers is concerned 
with the properties of the integers, the whole 
numbers. The modern engineer uses the theory of 
numbers—often without calling it by this name 
for a wide range of problems. If, as he often does. 
he applies the rules indiscriminately, he rarely uses 
them to their best advantage. Examples: 

@ The use of the sawtooth function, Sa(x). to 
synthesize all types of discontinuous waveforms 
has proved advantageous because overshoot at steep 
wavefronts does not occur. In theory-of-number 
notation, Sa(x) — [x] — x 4 yo, where [x 
means “the greatest integer in x.” 

@ In the X-ray spectroscopy of cubic crystals. 
it is observed that certain reflections are not present. 
The missing numbers are of the form n 4* (8m 
+ 7), where k and m are positive integers. Ac- 
cording to the theory of numbers, there are num- 
bers which cannot be represented as the sum of 
three or fewer squares. These numbers, 7, 15, 23. 

. , are all of the form of the missing reflection 
numbers. 

@ The partition function, p(n), which enumer- 
ates in how many ways an integer, n, can be 
written as the sum of positive integers, can be 
used in a variety of ways ranging from circuit 
configurations to an explanation of the irregulari- 
ties of crystal surfaces, as described by Van der Pol. 


@ Several aspects of Planck's radiation formula 
and of the Einstein-Bose and Fermi statistics are 
closely related to Riemann’s zeta-function, namely, 
f(z) = f(x + iy) where x > 1 is defined by the 


series 
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The zeta function can be defined by analytic con 
tinuation for all finite z. Being a meromorphic* 
function having a simple pole at z 1, it is the 
base of practically all arithmetical investigations 
on the distribution of prime numbers. 

@ Lord Kelvin developed an expression for the 
capacitance of two spheres of radii a and b with 
centers a distance c apart which may be simply 


written 


on BY [ wo (3) Ea) 


ei 
where E and / are the lengths of the external and 
internal tangents, r(n) is the number of divisors 
of the integer n, and r(n) 0 for an odd integer 
n (Van der Pol). 

@ The representation of an integer as the sum 
of squares (by means of the elliptic theta-functions 
of a complex variable) serves to determine factors 
relating to the theory of potentials (inside a crystal 
lattice, for example). 

e@ Number theory is so extensively applied in 
the configuration of networks, in coding and pro- 
gramming of computing machines, and in all the 
ramifications of information and control theory, 
that citing specific examples could only be mis 
leading. Every algorithm, every code, is based upon 
the principles contained in the theory of numbers, 
from the simplest form of counting to the most 
sophisticated programs for the most advanced ele« 
tronic computing machines. 
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* A function of the complex variable « is said to be meromorphic in a 


4 sin D if it ie analytic in D except for a finite number of poles 
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Number—the Language 


Of Engineering 


NORMAN P. SALZ, Principal Engineer 
CORNELL AERONAUTICAL LABORATORY 
Buffalo, N. Y 


ARITHMETIC, Algebra, Geometry, Trigonometry, Analytic 
Geometry and Calculus—these are the so-called “elemen- 
tary” branches of Mathematics.* The logical ordering of 
these is the one commonly encountered in elementary 
school, high school and the first years of college. And 
almost every person who has studied calculus asks the 
question: “What lies beyond the calculus?” It is worth- 
while to inquire briefly into the manner in which mathe- 
matics has grown from its elementary beginnings into 
the vast subject it is today. 

Among engineers, the names algebra, geometry, trigo- 
nometry and the calculus connote separate subject matters 
algebra is the science of numbers; geometry is the science of 
space; trigonometry is the science of trigonometric func- 
tions, sines and tangents, by means of which triangles can 
be measured; calculus is the science of infinitesimals and 
limits by means of which many difficult problems in 
geometry and physics have been in the past, and are 
being today, conquered and made easy. Thus, some of the 
areas and volumes which a neophyte engineer can com- 
pute by integration are entirely beyond treatment by 
Euclidean geometry or by analytic geometry. In the term 
“analytic geometry,” the word “analytic” ‘s used in a 
special technical sense. It refers to analysis, meaning 
algebra; thus, analytic geometry means the application of 
algebraic methods to the solution of geometric problems 
Geometry, of course, preceded algebra historically and 
quite often geometric analogues were employed to assist 
in the solution of algebraic problems. The invention of 
analytic geometry by Descartes in 1637 showed the ad 
vantages of proceeding in the reverse direction. This 
growth and inversion should be familiar to those of us 
who in our college years were saddled with “mechanical 
analogues” to find that today, within the span of our 
own careers, the situation is reversed. 

The discovery of facts and laws concerning numbers, 
space, and limits is an important aspect of elementary 
mathematics. There is a scientific thrill in discovering that 


(—1¥ 


2n 


or that 2'*’—1 is a prime number; or that for n, an integer, 


* Much of this introduction is based upon an inspirational paper entitled 
‘Beyond Calculus.” written by Prof. Gill of the Mathematics Department 
of CCNY in 1939 
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or that an arbitrary angle cannot be trisected by a ruler 

In the quest for such laws, mathematics is akin to the 
natural sciences of physics, chemistry, and biology 
Through the ages, more and more complicated mathe- 
matical problems have yielded to man’s efforts to solve 
them. A vast superstructure has been built by human 
intelligence and ingenuity; we shall present only a few 
of the branches that constitute a part of this superstructure 


e@ Advanced Analytic Geometry encompasses the more com 
plicated configurations in ordinary space, and the dimension 
ality is increased from 3 to n 

© Differential Geometry*® is concerned with the properties of 
curves and surfaces by means of calculus 

© Projective Geometry is devoted to those properties of 
geometric figures that do not depend upon measurement 

@ Calculus of Variations treats problems in maxima and 
minima where the unknown is a function instead of a number 
as in the ordinary calculus 

@ Integral Equations comprise the problem of determining 
functions which satisfy a given equation where the unknown 
function is under the integral sign 

@ Theory of Numbers is intensively concerned with the 
properties of the integers, or whole numbers. In its advanced 
portions it ultimately employs the advanced theory of functions 
and geometric methods, as well as a great deal of algebra 

@ Modern Algebra deduces the theoretical properties of such 
formal systems as groups, rings, fields and vector spaces 


To see only the facets of discovering facts about num- 
bers and space is to have a very inadequate view of modern 
mathematics. The branches of mathematics are parts of 
a single unified subject because a fact is registered for 
posterity only when it is proved—that is, deduced from 
simpler laws and ultimately, by refinement, made to depend 
on a few assumptions, called axioms, and postulates laid 


* See “Differential Equations, 
July 1960. p 87 
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down as a foundation for the branch of mathematics to 
which the result belongs. We recall that in Euclidean 
geometry the goal was set of laying down the axioms and 
postulates at the beginning, and using these as the basis 
for proving theorems which depended upon these defini- 
tions and previous theorems. Although this form is not 
strictly adhered to in the higher branches, it is a matter 
of basic concern that these establish the means, ultimately, 
of throwing all branches into such logical shape.* 

During the last century this matter was investigated 
seriously and—wonder of wonders—defects anpeared in 
the axioms of high-school geometry. The “fallacies” which 
schoolboys delight in passing on from generation to gen- 
eration, such as proving a right angle equal to an obtuse 
angle, are to some extent connected with this lack. The 
failure of many attempts to prove the so-called “parallel 
postulate”’——-namely, that through a given point there is 
one and only one parallel to a given line—led Bolyai and 
Lobachevsky to found a non-Euclidean geometry by as- 
suming that through a given point there are at least two 
lines parallel to a given line; Riemann established a dif- 
ferent geometry by assuming that through a given point 
there is no line parallel to a given line. These geometries 
are not nonsense, for they are consistent in the same sense 
that Euclidean geometry is consistent. 

One of the results of Descartes’ discovery of analytic 
geometry is that, if “point” be taken to mean a pair of 
numbers, (x,y), and “line” a first-degree equation, ax -+- 
by c, the axioms of geometry can be satisfied. This 
“isomorphism”, or analoguing, effects a complete revolution 
in the nature of geometry. Geometry clearly ceases to be 
the science of space and becomes a system of the proper- 
ties of undefined terms that satisfy the axioms. The fact 
that these undefined terms can be given a special interpre- 
tation with interesting application to the world around us 
causes us to attach a special importance to the particular 
system of axioms laid down, but the same properties are 
satisfied by many sets of objects not necessarily having 
concrete application. 

Equally surprising are the consequences of inquiring 
into the foundations of algebra. The axioms of algebra 
are such laws as a -+- b b a; (aX b6)XcmaX 
(b & cj); a ® (b +) a b-+-ac;ifa b and 
b c, then a c. These laws were originally stated in 
terms of numbers, where “+-" meant ordinary addition, 

meant ordinary multiplication, and meant 
ordinary eyuality. But here, too, different sets of objects 
satisfy some, and sometimes all, these relationships. For 
example, if we designate a/ax by a and @/ay by b and 
z by c, and if we define multiplication of two opera- 
tions to mean performing these in succession, and the 
addition operation such that 


then all the laws mentioned above will be satisfied, if f 
has continuous derivatives of all orders. Again, a, b, and c 
may be logical propositions where ab means “a and b”, and 


a -+- 6b means “either a or 6 or both” and “==” means 
“are both true or both false” (i.e., logical equivalence), 
and again all the axioms of an algebra are satisfied. 
Algebra then becomes the study of systems of symbols 
that combine under certain laws of operation, having 


*See “Logic—and Switching Circuits,” Alice Mary Hilton, Evectaicat 
MANUFACTURING, April 1960, p 123 
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properties in common with addition, multiplication, or 
both. It becomes abstract since the symbols represent 
undefined objects that obey the axioms. 

The word “analysis”, when used as a name for branches 
of higher mathematics, no longer includes modern algebra! 
Instead, analysis now means infinitesimal analysis, com- 
mencing with calculus. Differential equations, calculus of 
variations, integral equations, and theory of functions are 
branches of analysis. In the foundations of calculus are 
to be found definitions of number in terms of logical 
classes and of such ideas as “one-to-one correpondence” 
and “logical sum” of classes. Or we can start with axioms 
about numbers, leaving the term “number” undefined. 
Thence, with the additional concept of sets of points, can 
be developed rigorous definitions of limits and of all the 
elementary functions such as x*, a’, cos x. A treatise on 
the theory of functions of real variables has the systematic 
development of this subject as its goal. This foundation is 
prerequisite to all modern analysis. 

We have seen in the foregoing how investigations of 
the foundations of mathematics leads us inexorably toward 
logic. In fact, the laws by which deductions are made 
from step to step in mathematical proofs are also laws 
of logic. For completeness, Whitehead and Russell (1910) 
reasoned that these laws too should be included among 
(or else be deduced from) the axioms. Their great work 
Principia Mathematica sought to establish logical axioms 
as the basis for the mathematics and logic of their day. 
Profound philosophical questions were raised by their 
effort which, while not considered altogether successful, 
was indeed a great beginning in a recondite area. Long 
before their work appeared, the American mathematician 
Benjamin Peirce (1801-1880) defined mathematics as “the 
science which draws necessary conclusions.” 

Much of the above discussion has related to some of 
the phases of pure mathematics. The present-day engineer 
has seen the growth of some branches motivated by 
application to physics and other natural sciences. He has 
seen the growth of statistics, which investigates the most 
probable law underlying a given set of observations, first 
as an econometric field and quite recently in communica- 
tions theory; he has had occasion to dust off the Laplace 
transform to assist in his understanding of circuit behavior; 
Boolean algebra assists him in the design of computing 
machines and switching circuits; he is beginning to encode 
messages utilizing results from the theory of numbers. 
He knows from his own experience that many of the 
results discovered by mathematicians in their quest for pure 
truth have found applications in his ultimate quest for 
better hardware. 

The Greeks studied the properties of conic sections by 
laborious geometric methods. Centuries later, Kepler and 
Copernicus found that these conic sections were the 
proper tools to describe the paths of the planets through 
the heavens. N-dimensional, non-Euclidean differential 
geometry and the invariants found in that subject do not 
sound to the layman like “practical” topics for investiga- 
tion. But when Einstein wanted to promulgate a new and 
better formulation of the laws of gravitation, he needed 
invariants, for the laws of physics must remain unchanged 
under transformation of coordinates. And he needed four 
dimensions, for it was essential that time should appear as 
a fourth dimension added to the usual three dimensions 
of space. And lo, he found that the differential geometers 
for decades had known invariants which would precisely 
fill his need! 

Karl Friedrich Gauss (1777-1855) needs no introduc- 
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tion to those of us who earn our daily bread—a century 
after his death—in consequence of his vast contributions, 
among them his conception of the theory of least squares. 
He devoted his fruitful energies to problems of astronomy, 
geodesy, electricity and magnetism. Although he con- 
tributed substantially to every leading area of mathematics, 
he nevertheless said: “Mathematics is the queen of the 


sciences, and the theory of numbers is the queen of 
mathematics.” 

The pursuit of pure science for its own sake is necessary 
to our present civilization. Upon it are founded the ap- 
plications that increase our power over nature. Mathe- 
matics is a basic science that other sciences need, more 
and more, to use as a tool in their further development. 


Postulates 


Since we are all familiar with the rational integers 
0, +1, +2, +3, . .. we shall avoid philosophic discourse 
as to their subtler meaning and shall concern ourselves 
only with those properties of this “set of objects” which 
will permit the development under consideration.* We 
shall build on the following postulates: 


1. The Laws of Clesure 


(1) For Addition: The sum of any two integers (i.e., 
members of our “set of objects”) is itself a member of 
the set. Algebraically this means that an integer, c, exists 
which equals the sum of the given integers, a and 5, or: 

c=a+hb 

Arithmetic Example: 7 +- (—S5) 2, which is an 
integer. 

(2) For Substraction: The difference between any two 
integers is an integer. Algebraically this means that an 
integer, c, exists that can be added to an integer, a, to 
result in a sum, 5, or a + c¢ b. Adding —a to both 
sides of this equation showss that 

c=b—a 

Arithmetic Example: (—17) —4 —21, which is an 
integer. 

(3) For Multiplication: The product of any two integers 
is itself an integer. Algebraically this means that an integer, 
c, exists which equals the product of the given integers, 
a by 5, or: 

Cm @- 5 

Arithmetic Example: (—2) + (—5) 10, which is an 
integer. 

(4) For Division: Dividing one integer by another integer 
may or may not result in an integer. Algebraically this 
means that an integer, c, may or may not exist that results 
from a division of a by 6. But only sometimes is c an 
* See “Logic—and Switching Circuits.” A. M. Hilton, ELectaicat Mant 
FACTURING, April 1960: Table 1l—The Postulates of Boolean Algebra in the 


Languages of English Words, Mathematics, Logic, Engineering, Geometrical 
Diagrams, Circuit Diagrams, and Truth Tables, pp 134-137 


integer. There is NO CLOSURE under the operation of 
division. 

Arithmetic Example: 12 4 3, which is an integer, 
but 7 + 5 7/5, which is not an integer. 


2. The Laws of Commutation 


(1) For Addition: The sequence in which integers are 
added does not affect their sum. Algebraically this means: 
a+b=b-+a 

Arithmetic Example: 6 +- 3 3+. 6 
(2) For Multiplication: The sequence in which integers 
are multiplied does not affect their product. Algebraically 
this means: 
g* b b a 
Arithmetic Example: 8 + 3 3+ 8. 


3. The Laws of Association 
(1) For Addition: Associating an integer with any mem- 
ber of a sum does not affect the sum. Algebraically this 
means: 
a+ (b+ c) (a + b) + « 
Arithmetic Example: 7 +- 16 10 13, since 
7 + 16 7+ (3 + 13) 
(7 + 3) + 13 
10 + 13 
(2) For Multiplication: Associating an integer with any 
member of a product does not affect the product. Alge- 
braically this means: 
a*(b«c) (as b)ec 
Arithmetic Example: 4 + 24 12 + 8, since 
4-24 4+ (3+ 8) 
(4+ 3)+8 
12-8 
In accordance with these postulates, the set of objects 
with which we are concerned, the whole numbers, or 
integers, ranging from © through 0 to +-, are closed 
under the operations of addition, subtraction and multipli- 
cation, but are not closed under the operation of division 


Division 


Division is the mathematical operation that is not 
subject to the laws of closure. An integer, d, is said to 
divide an integer, a, if there exists such an integer d, 
that a is the product of d and d,. Or, in algebraic symbols, 
da, if there exists d, of such a nature that a d-d,. 
Thus d, is itself a divisor of a; d and d, are referred to 
as the complementary divisors of a. 

Having defined division in terms of our set of objects, 
let us investigate its properties. We recall from Euclidean 
geometry that similar triangles may, or may not, be 
congruent. Notwithstanding this lack, if AA was similar 
to AB, and if 4B was similar to AC, then it followed that 
4A was similar to AC. Further, if Adam is a brother of 
Bill, and if Bill is a brother of Charles, then Adam is a 
brother of Charles. The relationship of “similarity of tri- 
angles” or of “brotherhood” is said to be a transitive one. 
Does division of integers by integers enjoy this property? 
Or is it akin to the relationship of “the sine of an angle” 
and “motherhood”, which do not have this property? We 
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investigate the transitivity of the division operation in the 
following theorem. 


Theorem 1: If ab and bic, then ax 

Proof: 

1) Since ab, b 
2) Since bic, c bb, 

3) Hence « b+ b, a-a,* hb, 

4) Since a,b, is itself an integer, we may call it a 

5) Hence c a*a,. Since a, exists, ajc. 

Arithmetic Example: 3\12*, since 3,12 and 12/12’. 

Theorem 1 proves division to be transitive. 

If an object of our set is lucky enough to divide each 
of two other members (“lucky” because, as we have seen, 
this is not always the case), what may be said about its 
ability to divide the member of the set which is the sum 
of the two members? We investigate this interrelationship 
between the operation of division and addition in the 
following theorem 


a* a, 
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Theorem 2: If a\b and ajc, then ai\(b +- c). 

Proof: 

1) Since alb, b a* a,; and since alc, c = a* a, 

2) b+c a*a, + a-*a, = a(a, + a) 

3) But a, + a, is an integer: we may call it a, 

4) Hence ) -+- c = a* a,. Since a, exists, a|(b + c). 
Arithmetic Example: 3\(12 4+- 15), since 3/12 and 3|15. 
Theorem 2 proves an integer can divide a sum of two 

integers if it divides each member of the sum. 

On the other hand, if an object of our set is only half as 
lucky as the object of Theorem 2 above, and if it possesses 
the ability to divide only one of two other members, what 
may we say about its ability to divide the sum-member? 
Here we are examining the implications of the last theorem 
in order to determine whether or not the division of each 
of two objects is the requirement for the division of the 
sum, or whether we can get by with the ability to divide 
merely one of these 

Theorem 3: If ab and a/ c, thena/ (b + c). We shall 
prove that we cannot divide a sum of two integers if we 
can divide one member and cannot divide the other mem- 
ber 

Method of Proof: We will employ a so-called indirect 
proof, by assuming that a (> c), and show that this, 
together with the hypothesis that a/b, implies that alc. 
Hence, the assumption that a'(b c) cannot be true, 
proving the theorem 

Proof}: 

1) If ab, then b a* a, 

2) Assume, as discussed above, that ai(b +- c); 

hence b +- « a*a 
3) Hence (b +c) — b 
ala a,) 

4) But (a, — a,) is an integer; we may call it a 

5) Hence c = a> a,; and thus alc 

6) But this contradicts the hypothesis that a/ c 

7) Hence af (b +- c) 

Arithmetic Example: since 3\18 and 34 4, 34 (18 +- 4 

22) 

In summary, we have seen that the operation of division 
of a member of our set of objects by another member 
will not necessarily produce a third member; division is a 
sometime thing. Nonetheless, transitivity is a property 
enjoyed by the operation, and any set-member lucky 
enough to be able to divide each of two other members 
(or, by easy extension, each of any number of other 
members) will divide their sum. On the other hand, in- 
ability to divide one of two members and the ability to 
divide the other must be equated to failure to divide the 
sum-member. Inability to divide either of two members 
does not permit a conclusion to be drawn about the ability 
to divide the sum-member, as the following examples show: 
34 4 and 34 8 and yet 3/12 4, a member of the set of 
objects; 34.5 and 34 8 and yet 3/4 13 is not a member 
of our set 

Remainder. The mathematician might have left it at that. 
[he postulates and Theorems 1, 2, and 3 above might 
then be the sum of man's effort in the Theory of Numbers. 
But, in 300 B.C., Euclid had only the positive integers to 
play with, and he did not know the concept of zero as a 
number. He observed that the division operation yielded 
not one but two members, if the concept were augmented 
by the useful one of remainder. This is stated in mod- 
ern terms in the following definition: 

For every integer a and c, there exists an integer, 5, 
which will produce such a remainder, r, that 

a be +- r, and 0<r<ic 
By definition, a remainder is a positive integer, unless it 
equals zero. 

Arithmetic Example: 34 22, hence we may write 22 = 
7 +3 -+- 1, and 1 is the remainder. Again, 3\63, hence we 
can write 63 == 21 + 3 +- 0, and 0 is the remainder. 


a@°*a,—a°* a, : 


Symbols 


a divides b without leaving a remainder 
a does not divide b without leaving a remainder 


the greatest common divisor of a and b 


the sum of z; + z2 + +++ + 2a 


the product of z, by z: by --- by z, 


the number of divisors of m 
the sum of the divisors of m 
the greatest integer in z 


the n factorial—i.e., the product of 1 by 2 by --- 


by (n — 1) byn 

Ep(m) the exponent of the highest power of the prime 
number, P, that divides the integer, m 
+n when n is positive, —n when n is negative; 
the magnitude of n 


therefore 


ane 3 


It is clear that if a member of our set of objects divides 
another member of the set, it will leave a remainder of 
zero. What other values can the remainder assume? 

Theorem 4: The remainder may take on only one value 
from the set 0, 1, 2, 3,..., |e) —1. 

Method of Proof: We shall assume that two different 
remainders exist, and prove such existence of two different 
remainders an impossibility. 

Proof: 

1) Assume a 
and a b.c + r,, where 0<r,</c 

2) Thena = b,c + r,=—b.c + Yr, 

3) Hence (6, — 6.)c =r, — Ir, 

4) b, — b, is itself an integer; we may call it 4,. 
Then r. — r, = 6,°c¢ 

5) Hence c is a divisor of r, — r, 

6) Examining the list of possible values of r, and r,, 
namely 0, 1, 2, 3, ..., /e| — 1, it is clear that, if r, is 
different from r,, then c cannot be a divisor of their dif- 
ference 

7) Hence r, ry. 

Arithmetic Examples: 

1) Let a = 17 and c = 5S. Then 17 >=3°5+2 
and 0<2<5 

2) Leta 
and 0<17<27 

3) Leta= 17 ande 
+ 2 and 0<2</—5| = S. 

In summary, if a member of the set does not exactly 
divide another member of the set, the latter nonetheless 
can be decomposed into two terms, the first of which is 
divisible by the former. The value of the remainder, a 
positive or zero quantity, is always less than the value 
of the would-be divisor. The remainder concept has thus 
been an examination of non-divisibility and has included 
divisibility as a special case—that of the zero remainder. 
It is a generalization, and so leads us to a broader appre- 
ciation of the members of our set of objects: for any pair 
you can name we can name another pair of integers 
uniquely related to the named pair. If one of the pair 
you name be specified as would-be divisor, we can guar- 
antee that one of the pair we name—the remainder—is 
less than your would-be divisor. For example, 5 == —1 - 
17 +- 12 and the remainder, 12, is less than 17. 

Divisor. In order to be able to avail ourselves of some 
of the benefits of the remainder concept, it is necessary 


b,c + r,, where 0<r,<\¢ 


—5. Then 17 = (—3)(—5) 
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to extend some of our earlier work. We examine mem- 
bers of our own set of objects and determine that many 
of these have the same divisor in common. Thus we define: 

Common Divisor: The integers a and b are said to have 
a common divisor d if dia and d b. 

Arithmetic Example: The integers 6 and 12 have the 
common divisors of 1, 2, 3 and 6. 

The greatest common divisor of a and b, written (a,b) 
is that common divisor which is divisible by each common 
divisor of the two integers. It follows at once that (6,12) 
== G, 

But what is the greatest common divisor of 1,000,006 
and 1,000,012? Euclid proved that it is unnecessary to 
list all the common divisors in order to find the greatest 
common divisor, in a method that is referred to as the 
Euclidean algorithm. 

Euclid observed that any common divisor, d, of two 
integers, a and 5b, divides their sum. He then dovetailed 
this thought with the concept of remainder to supply us 
with his algorithm. 

Let t and s be any two integers of which we desire to 
determine the greatest common divisor, (t,s). Since, if 
t = 5, it is trivially true that (1,5) s, let it be assumed 
that t = s. Then we may write 

{== ms + I, (1) 
where 0<r,<'s. 

Now, if r, 0, then, since t == ms, s\t and (1,s) 
Assuming that the remainder r, ~ 0, we observe: 

every common divisor of t and s must divide r, (2) 


Now write s and r, in remainder form: 
s== mr, + I: (3) 
where 0<r,<r,. Again, if r, = 0, since s == mr,, r,\s and 
(s.r,) = r,. But from Eq (1) above, it is obvious, since 
r, s, that r,\t. Hence, >, is a common divisor of s and 1 
that, according to Eq (2) above, is divisible by every 
common divisor of s and t. Hence r, (1,5). 
On the other hand, if r, + 0, we observe: 


every common divisor of ¢ and s which, as has 
been shown, must divide r,, must also divide r, (4) 


Now, write r, and r. in remainder form: 
r,= ml, —- TF 
where 0<r,<r.. 

It is observed that, in the process, the remainders are 
getting smaller and smaller; consequently, the last two 
steps are 

Pisa Myla. + OT 
r + 0 


n-1 —— M,/, 
It is clear that every common divisor of s and ¢ must 
divide r,, r,. r,. Reading upward, r, is a divisor of 
Taeur Tree - ++ + Voy Vy S, and t. Hence, r, is a common 
divisor of s and ¢ which is divisible by every common 
divisor of s and 1¢; and, since this satisfies the definition, 
r, = (5,1). 
Arithmetic Examples: 
1) Find the greatest common divisor of 1,000,006 
and 1,000,012. 
1,090,012 = 1 - 1,000,006 +6 
1,090,006 = 166.667 -6 +4 
6=1-4++?2 
4=2-2 
Hence, (1,000,006; 1,000,012) — 2. 
2) Find the greatest common divisor of 36 and 102 
102 = * 36+ W 
36 = - 30 +6 
3 =5-6+0 
Hence 6 == (36,102). 
Continued Fractions. The Euclidean algorithm provides 
a ready method for representing the quotient of two in- 
tegers as a continued fraction. In Example (2) cited im- 
mediately above, it is seen that 
102 _ 30 


224 24 


Ae 36 


MPa. 
36 5 1+ 1/5 
It should be noted that we are generally dealing with 
the quotient of two integers, even when it does not, at 
first glance, appear so. For example, 


314,159 


=3 59 
- 1415 100 , 000 


We can find many applications for this method 

Example of Application: Limited to 33-ohm precision 
resistors, construct a ladder network of 40 ohms input 
resistance. 


40 
33 


/ 
5 
, 


Consequently 


Hence the ladder network is represented by the illus- 
trated circuit. 

The French engineer Lamé proved that the number of 
steps required to find the greatest common divisor of 
two positive integers by means of the Euclidean algorithm 
does not exceed five times the number of digits in the 
smaller integer 


40 ohms —~> 


All resistors 33 ohms 
Resistance ladder network designed by Euclid (300 B.C.) 
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We proceed to find other implications of the algorithm: 

The next theorem will show that, knowing the greatest 
common divisor of two integers, one may write an 
equation in integers. 

Theorem 5: If D 
that n,a +- nb D. 

Proof: 

1) Commencing with the last equation in the al- 

gorithm, r,, M,sTa1 + Tai since r, D, we can 
write 


(a,b), then such n, and n, exist 


D Pat Mig Ty (1) 
2) The 


My of Fr 


“ mee 


next-to-the-last equation reads: 
which we can now write as 


r, Fant We fn2 (2) 
3) Substituting Eq (2) into Eq (1), 


D Pang (1 + ra; Mas) Ma-1 Ps (3) 


4) The next-preceding equation for r,., permits 
climination of r,.. from Eq (3). 
5) Continuing backwards, in similar fashion, it is 
clear that we shall finally obtain 
D na + nb 
Arithmetic Example: (36,102) 
102n 6. Determine n, and n,. 
From the previous example: 


6. Hence, 36n, + 


+46 1-30 +6 


6 1-30 


102 2% 


i 1/102 2-36) 46(3) + 102(—1) 


Hence, n, 3 and nv 1. 

The implications of the above theorem go beyond the 
example given. Since every two members of our set pos- 
sesses a greatest Common divisor, it follows that every 
pair of integers permits an equation in integers to be 
written whose right member is the said greatest common 
divisor 

If the greatest common divisor were removed from two 
integers by performing an actual division of each, what 
can we say about the remaining members? The next 


theorem shows that their greatest common divisor is unity. 
Theorem 6: If D (a, 6), then 


a b 
( D’ BD aa 
Proof 


1) Since D a, we can write a aD 
BD 
2) We are to show that 


aD gD 
( D , D ) (a, 8) l 


3) Assume such a divisor, d, exists that dia and d £. 
Then a dk,, and B dk 
4) Hence a k.dD and b 
common divisor of a and A, 
greatest common divisor, D 
5) But clearly dD D if, and only if, d 
6) Hence, (a, B) l 
Arithmetic Example: Since (36,102) 


% 102 
( ; ) = (6,17) I 
6 6 


Iwo integers a and + are said to be relatively prime 
if (a,b) l 

Let us consider the integers from | to 12 and designate 
only the relatively prime integers in the same sub-set of 
integers. 


; and since Db, 


k.dD. But then dD is a 
and so must divide their 


-+-l or —1 
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relatively prime ,4,5,6,7,8,9,10,11,12 
relatively prime 
relatively prime 
relatively prime 
relatively prime 
relatively prime 
relatively prime 
relatively prime 
relatively prime to 
relatively prime 
relatively prime to 
relatively prime to 


5.7.8,10,11 


3 

e % 

2.4, 

5, 
23.46.78,9.11, 12 
§,7,11 
.3,4,5,6,8,9,10,11,12 
5, 

2.4. 

3,7, 

a 

$7, 


CexnausabwN 


5.7,8,10,11 


=— 
= 


4,5,6,7,8,9,10,12 
11 


Ane Ree 


~ 
az 


- 


Many of the elegant theorems in the theory of numbers 
have been suggested by tabulations similar to that above. 
For example, from the above list we might observe: (1) 
that unity appears to be relatively prime to all integers; 
(2) that some of the integers appear to be relatively prime 
to all smaller integers (What special characteristic do 
these possess? These are the primes which we shall define 
later.); and (3) that each integer appears to be relatively 
prime to its next lower integer. These observations have 
interested casual observers from Goldbach to my son 
Danny (aged 13) since time immemorial—and the proofs 
of some of these have plagued mathematicians to the 
present day. 

Theorems relating to relative primality follow. 

Theorem 7: If (a,b) 1, such n, and n, exist that 
nia + nb a 

Proof: This theorem is a direct corollary of Theorem 5. 

Arithmetic Example: Since (6,17) 1, (3) +6 + 
(—1)°17 1. 

The next theorem permits us to know what must be, 
from our knowledge of what cannot be; namely, since a 
and + are relatively prime, a divisor of a, other than unity, 
cannot be a divisor of 5. 

Theorem 8: If (a,)) 

Proof: 

1) Since (a,b) lL.na+n,b=1 

2) Multiplying by c, nas c+ n,b+c=c 

3) But da, so d divides the first term of the left-hand 
member; and d\b + c, so d divides the second term of the 
left-hand member. Hence d divides the left-hand member; 
and thus, according to Theorem 2, it must divide the 
right-hand member, c. 

Arithmetic Example: (3,8) 
6 + 8); hence, 3/6. 

The next theorem proves that an integer relatively prime 
to any number of other integers is relatively prime to 
their product. 

Theorem 9: If (a,b,) 1, (6, = 1), 

1, then (a,b,6,b, ...b,) = 1. 

Proof: 

1) Assume a greatest common divisor D>1 exists 
such that (a,b,6,b, . .. b,) I 

3) But (a,b,) 1. Hence, according to Theorem 8, 
Dib Bs... & 

4) But (a,6,) 1. Hence, Did, . . . 5b, 

5) Continuing in a similar manner, we finally find 
that D/\b,. But this is impossible, since (a,b,) == 1 

6) Hence, (a,b,b,b, .. . b,) 1. 

Arithmetic Example: (3,8) == 1, (3,7) = 1 and (3,2) 

1. Hence, 112 8-7 + 2, (3,112) = 1. 

In the following theorems we examine a property of the 
greatest common divisor. Will the value of the greatest 
common divisor be affected if we replace one of the two 
integers by their sum or difference? 

Theorem 10: If (a,a +- 5) D, then (a,b) = D 

Proof: 

1) Assume (a,b) C+D 

2) Then Cla and C\b, so C\(a + 5b). We have 
established that C is a common divisor of a and a + b. 
But is it the greatest common divisor? 

3) Since all common divisors of a and a + 5b must 


1 and dia and d bc, then dic. 


1; but 33 and 3|/(48 — 


: re 
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divide (a,a +- 6) = D, C]D, o D=C,*C 
4) But (aa + 6) = D; thus C, + Cla and C, + C| 
(a + 5), and therefore C, + C must divide 5. 
5) In (1) we assumed a greatest common divisor of 
a and b of C; and in (4) we were able to show the exist- 
ence of a common divisor of a and 6 which is C, + C. 
Since C, - C = C, clearly C, = 1. 
6) But from (3), D = C, + C = C, contradicting 
assumption (1). 
7) Hence (a,b) = D. 
Arithmetic Example: (4,14) == 2; hence (4,10) == 2. 
Theorem 11: If (a,b) = D, then (a,a + 6) = D. 
Proof: This theorem is the converse of Theorem 10; 
the proof follows along similar lines, and will therefore 
be omitted. 


Arithmetic Example: (4,14) 2; hence (4,18) a 
Carrying our thinking one step further, we generalize 
by performing the operation of Theorem 10 & times. 
Theorem 12: If (a,ka -+- 5) D, then (a,b) D. 
Proof: 
1) Now (a,ka) a and, let us say, (a,b) C # D. 
2) Since cla, c\k + a; and since c\b, c|k + a + b. 
3) But CD, therefore D C, + C. Again, (a,k + a 
+ b) D; therefore C, + Cia and C, + C/k + a + bd: 
hence C, + Cid. 
4) But C, + C is a common d' visor of a and 5, and 
thus must divide C (a,b). 
5) Hence C, 1, and (a,b) == D. 
Arithmetic Example: Since (4,30) == 2, (4,30 
== (4,14) = 2. 


4-4) 


The Linear Diophantine Equation 


A Diophantine equation is an algebraic equation with 
integers for coefficients for which solutions of interest 
are in integers. Hence there may be no solution, a finite 
number of solutions, or an infinite number of solutions 

Consider the simplest case, namely the linear Diophan- 
tine equation in two unknowns* 

ax + by=c 
We are interested in determining the integers x and y 
(if they exist) which satisfy the equation when a, 5, and 
c denote known integers. 

Let us consider a more fundamental proposition first 
and determine when we can, and when we cannot, solve 
the equation. 

Theorem 13: The linear Diophantine equation has a 
solution in integers if, and only if, the greatest common 
divisor of a and 4 divides c; i.e., if, and only if, (a,b)'c. 

Proof: 

1) (a,b) divides a; and (a,b) divides b. Hence (a,b) 
divides each term of the left member ax + by and there- 
fore must divide c, the right member, according to Theo- 
rem 2. 

2) Hence, in order for ax + by 
ment in integers, (a,b) 'c. 

3) According to Theorem 5, we can write an, +- bn 
= (a,b). 

4) But, according to (2) above, c = c,(a,b) 

5) Multiplying (3) by c,, a(c, + n,) + dlc, * n,) 
ine 

6) Comparing with the original equation ax +- by 
= c, we find the following: 

If (a,b)4% c, the equation is impossible and no solution 
exists. 

If (a,b)'\c, a solution exists; it is given by (5) as x = 
Cy * Ry ¥ == C, ° Me. 

The converse follows from the fact that if the state- 
ment exists in integers, then (a,b) must divide c. 

Arithmetic Example: The equation 2x +- 6y = 11 has 
no solution in integers since (2,6) = 2 / 11. The equa- 
tion 2x + 6y = 12 has a solution in integers since 2/12. 

Theorem 14: The general solution of the linear Dio- 
phantine equation ax + by = c is x = x, + nb/(a,b) 
and y = y, — na/(a,b), where x,,y, are a particular 
solution, and n is any integer. 

Proof: Instead of formally proving the theorem, we 
shall verify it. 


nb na 
4. +h _— = 
: [ ** Gb) ] [ nes 


* Unknowns are symbolized by letters from the end of the alphabet, whereas 
algebraic variables are designatd by letters from the beginning of the alpha- 
bet. Lower-case letters designate any one unknown or variable, whereas 
upper-case letters are used to designate generalized terms, or collections (sets, 
classes) of the same term. or a superlative of the term (¢.g., any divisor 
is designated d, the greatest divisor is designated D) 


c to be a state- 
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But ax, -+ by S. 
Hence, 


since x,,y, are a particular solution 


anb bna 
(a, 6) (a, b) 


which clearly holds for integer n 
Arithmetic Example: 102x +- 36) 12. Find x and y 


102 2.76 + 30, 36 w- 1+ 6, 30 6-5 


Hence (102,36) 6. Since 6 12, there exists a solution 
Let us determine it: 


6 36 30-1 36 (102 2-36) -1 102 1) 


Since 102(—1) 36(3) 6, 102(—2) 36(6) 12 
Hence a particular solution is x 2 and y 6. Now, 
b/ (a,b) 36/6 6 and a/(a,b) 102/6 17. Hence, 
the general solution is X 2 6n and ) 6 Tn 
Check: 
(102) ¢ 2 + 6n) + 36(6 17r 12 
204 + 61l2n + 216 612 12 
12 l 

Parkyn’s Method. An alternative method for the solu- 
tion of the linear Diophantine equation was worked out 
by a teacher in a Michigan high school in 1935." We 

shall consider it in terms of the foregoing example 


1027 + 36) 12 
1) Solving for y 
12 102z ; 12 Or ) 


36 ti Mh 


2) For y to be an integer, the right-hand member must 
be an integer. The first term, 2x, of the right-hand 
member is an integer; hence, the second term of the 
right-hand member, the bracketed expression, must be an 
integer, which we may call w. 


3) w 12 30x) /36 
4) Solving (3) for x: 


12 36u 2 ou ) 
30 30 


5) Again: x ts to be an integer and —w is an integer; 
consequently, the bracketed expression must be an integer, 
which we may call v. 


6) v (12 — 6w)/30. 
7) Solve for w: 


12 300 
w= 
6 


* Miss Hannah Parkyn, Holland High School, Holland, Michigan (1935) 
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8) But we have arrived at an eapression in (7) that 
is free from doubt; let us reverse our steps. 
9) Substitute (7) into (4): 


9 “ 9 = 
12 36(2 5n) iO tebe 
30 
and again, when v is an integer, x must clearly be an 
integer. 
10) Substituting (9) into (1): 
12 102(—2 + 6r) 


- 6 — 17e 
36 


This solution is identical with the solution to the 
example cited in Theorem 14. This alternative method is 
to be recommended because it consists of a logical series 
of steps, each of which is easily understandable in terms 
of the following statement: 


If the sum of two terms is an integer, and one of these terms 
is an integer, then the second term must also be an integer 


This is clearly a restatement of the Law of Closure 
for Addition, which we may rewrite as follows: 


For all integers, a and 4, there exists an integer x, which 


is the solution of the equation b r+a 


Composition of Numbers 


Primes. A prime number, often simply called a prime, 
is an integer which has no positive integral factors except 
unity and itself. Quantities that are relative primes have 
no factor in common (except unity) and are thus prime 
to one another. Thus the unit, 1, is mot usually consid- 
ered a prime; and the first five primes are 2, 3, 5, 7 and 
11 


A composite number, often simply called a composite, may 
be defined as an integer that can be factored into two in- 
tegers, neither of which is unity. Hence the unit, 1, is not 
a composite, and the first five composites are 4, 6, 8, 9 
and 10, since 4 2°2,6 7¢*2 3 2°49 3°3 
and 10 §$e¢2 


To develop some theorems relating to primes, we shall 
first introduce an axiom known as the well-ordering prin- 
ciple, which states: every non-empty collection of posi- 
tive integers contains a least positive integer 

We resort to an indirect proof to show that a property 
of all integers greater than unity is the possession of a 
prime divisor 

Theorem 15: Every integer greater than unity has a 
prime divisor 

Proof 

1) Let m 
unity 

2) Since m is a divisor of itself, it is clear that m 
possesses a divisor greater than | 

3) Let S be the collection of positive divisors of 
m> 1. 

4) Since § contains m, S is not empty. 

5) Hence, according to the well-ordering principle, 
S contains a least positive integer, 7. 

6) But if n is not a prime. it is a composite and 
n nn... 

7) But, since n'm and n,'n, clearly n,|m. And n, < n. 

8) But then n could not be the least positive integer 
in the set of positive divisors of m, as prescribed by (5) 
above, for we have shown the existence of the divisor n, 
which is less than n. 

9) Hence n is a prime. 

Sieve of Eratosthenes. Eratosthenes (about 250 B.C.) 
invented a mathematical sieve to determine the primes. 
He wrote the numbers in natural order: 1, 2, 3, ... . He 


1 be any positive integer greater than 
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then struck out every second number (leaving it only the 
first time the number appeared; i.e., leaving 2) and thus 
struck out 4, 6, 8, ... . He then struck out every third 
number (leaving it only the first time the number ap- 
peared; i.e., leaving 3), and thus struck out 6, 9, 12, .. . 
This process was repeated for every number left in the 
series, and the remaining numbers were, of course, the 
primes. 

Euclid (about 300 B.C.) proved that there is an infinite 
number of primes, by the method of first assuming that 
there is a finite number of primes, and then showing 
that this assumption is impossible. This is proved as: 

Theorem 16: The number of primes is infinite. 

Proof: 

1) Assume that there is a finite number of primes, 
2,3, 5,..., Pe... Py; so that P, is the largest prime. 

2) Hence, we can form the number T, which must 
be greater than the largest prime, P, because 

T = 1 4+ 2-3-5---Pei-Ps 

3) Since T is an integer greater than 1, 
prime divisor. 

4) But in dividing T by any of the primes from 2 to 
P,, there msut be a remainder of unity, lest T itself be a 
prime 

5) Hence the prime divisor of T must be a prime not 
on our list. 

6) Hence the assumption that there is a finite num- 
ber of primes is absurd. 

We may have observed that 6 + 2 = 12 and that al- 
though 4 divides 12, it divides neither 6 nor 2. However, 
we shall now prove the following as: 

Theorem 17: If a prime divides a product a + 4, then 
the prime must divide a or b. 

Proof: 

1) Since the prime p'ah, we can write ab kp. 

2) Assume the prime does not divide b. Then p and 
b are relatively prime, and we write (p.)) I 

3) Hence, according to Theorem 5, such integers 
and n. exist that n,p +- n.b = 1. 

4) Multiplying (3) by a, n.ap nab = a. 

5) Substituting (1): p (n.a + kn.) pk a. 

6) Hence pia. 

Arithmetic Example: 3'330; hence, 333 or 3110. But 
37 10; hence, 3'33. We have thus shown a property pecu- 
liar to primes. If a composite divides a product, on the 
other hand, it may or may not divide either factor. For ex- 
ample, 4'36 and, while 36 12+ 3 and 4.12, we may also 
write 36 18 + 2 and 4/7 2 and 4/18. But, as has been 
shown, if a prime divides a product, it must divide one of 
the factors. 

Our work has led us to a theorem known as the Unique 
Factorization Theorem, occasionally referred to as The 
Fundamental Theorem of the Arithmetic*, namely: 

Theorem 18: Any composite can be factored into a 
product of primes in one, and only one, way if we do 
not consider sequence. 

Proof: 

1) Assuming that the composite n can be factored 
into primes in two different ways, then p,p, ++ * p, = 
9:9. °* * * q,. (If a prime appears twice or more, in the 
product, it is ‘written with a different subscript for each 
occurrence. ) 

2) Now, if each factor in the product of p's has a 
corresponding factor in the product of qg’s to which it is 
equal, then the p's and q’s are identical, and the theorem 
is proved. 

3) Since p, divides n, it must divide the product of 


it has a 


qs. 
4) But, according to Theorem 17, it must divide a 
particular g, say, g,, and hence p, = q,. 


* See, for example: Textbook of Algebra, G. Chrystal, Chelsea Publishing 
Co., New York 
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5) Hence, we may cancel p, and g,, and we may use 
the foregoing argument for p,. 

6) Continuing until the remaining left-hand member 
is unity, it is clear that the right-hand member must also 
be unity; for if the right-hand member is not unity, we 
would be left with an inequality. 

Arithmetic Example: 
12 = 2-3: 18 = 2-3 


The Chemical Rubber Publishing Company, in Stand- 
ard Mathematical Tables (1959, Charles D. Hodgman, 
Editor), lists the prime factors and the mantissas of the 
logarithms of the primes* ranging from the integers 2 to 
2009. For example, 1508 is listed as 2°(13 + 29); and 
1549, a prime, is listed as the mantissa 1900514. A study 
of such tabulations might lead one to interesting conjec- 
tures regarding the distribution of primes, predictability, 
composition of integers, etc. There remains what turns 
out to be the awesome problem of proof 

The case history of the Goldbach Conjecture might 
serve to illustrate the point. Goldbach, in 1742, conjec- 
tured to Euler that every odd integer greater than, or 
equal to, 9 is the sum of three primes, and every even 
integer greater than, or equal to, 6 is the sum of two 
primes. No progress was made toward proving or dis- 
proving the proposition until 1930, when Schnirelmann 
[basing his work upon efforts by Hardy and Littlewood 
(1923), who in turn were indebted to Riemann (1859), 
Dirichlet (1839), and others] proved that every positive 
integer is representable by a sum of at most 800,000 
primes. The number was subsequently lowered to 2,208 
by Romanoff (1935); to 71 by Heilbronn, Landau and 
Scherk (1936); and to 67 by Ricci (1937). In the same 
year, Vinogradov proved that every sufficiently large odd 
number is a sum of three odd primes. 

Many problems in the Theory of Numbers remain 
unsolved. For example. many primes differ by 2—such 
as 11 and 13, 17 and 19, 29 and 31. These are referred 
to as “twin primes.” The question arises: Is there an 
infinite number of twin primes? Answer: We don’t know 
—yet. 

From examination of tables of primes it is easily ob- 
served that at least one prime appears between consecutive 
squares. Is this true, in general? We don't know—-yet. 

Since all primes are odd except the first, the integer 2. 
Euclid actually proved that the sequence 3, 5, 7, 9, 
2n +- 1,... contains an infinite number of primes 

Extending his attack to the more general case, Dirichlet 
(1837) proved that every arithmetic progression whose 
first term and difference are relatively prime numbers con- 
tains infinitely many primes. In other words, there are 
infinitely many primes in a sequence of the form ax +- hb, 
where (a,b) 1. Hence. the sequence 7, 10, 13, 16, 19, 

. contains, among composites, infinitely many primes 

Then, another unanswered conjecture: Is there an 
infinite number of primes of the form nm? + 1? Does the 
sequence 5, 10, 17, 26, 37 > + 1,... contain an 
infinite number of primes? Answer: We don't know—yet 


Divisers of an Integer 


We shall investigate the divisors of a composite and 
develop some theorems relating to this subject. 

Given the composite m, we can generalize the foregoing 
example, and write m p,% * p.%2 + * + p.%, where 

p, are distinct primes. 
Any divisor of m can be expressed as 
d = pA: + pB2+++ py Be 

where 8, can assume values ranging from 0 to a,. 

Thus, for example, since 12 2? + 3, the divisors of 
12 are d 24: + 38, where 8, could be 0, 1, or 2: and 
* See. for more complete tabulation of primes. D. H. Lehner List of 


Prime Numbers from i to 10,006,721 Carnegie Institution of Washington 
D. € 1914 
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8. could be O or 1. Since, tor eacn value of 8,, there is 
one of two possible values for §8,, there are six divisors 
of 12—namely, 1, 2, 3, 4, 6, and 12. 

Considering the general case again: The first exponent, 
8,, can assume any value ranging from 0, 1, 2,... , a; 
there are therefore (a 1) possibilities of values for £,; 
similarly, there are (a 1) possibilities of values for 
the second exponent, £8,; etc. Hence, the total number of 
divisors of a composite m p,%1 * p,%2 2° © py is 


ie) =f +a +a): tad I]e kes 


Arithmetic Example: What is the number of divisors 
of 24? 24 2* + 3; and, therefore, a, 3, a l 
Hence r (24) = (1 + 3) + 1) 1+3-+-1+43 8. 
These eight divisors are 1, 2, 3, 4, 6, 8, 12, and 24 

The divisors of an integer may be neatly summed. It 
was observed that the divisors were obtained by varying 
each exponent over its range of possible values. To obtain 
the sum of the divisors of 6 we might write, observing 
that 6 +3, 


ao (6) (2° +- 2! ' (1 + 2)(1 + 3) 
sere ey: 12 


It is clear that, in the general case, to obtain the sum of 
the divisors of m p,% * pt. + + + pete, we can write 


o(m) 1-4 + + pO + pe + pe 


(l + m+ pe 
(=> 
p 
af" l 
I] pi —l 


Arithmetic Examples 
(1) The sum of the divisors of 24 
@ (24) (2¢ 1)/(2 l 
15-4 60 
This is the sum | 


(Check ) 
(2) What is the smallest number having six divisors? 


r (x) 6 (1 + a) (1 + as) (1 + @,) 


where m p,%1 * p,42 °° * ppt. Now 6 6°11 3-2 
Hence, a, could be 5 and a, could be 0; or a, could be 2 
and a, could be 1. There are no other possibilities, except 
where sequence is concerned, which is of no consequence 
Since we are interested in the smallest number, we should 
associate the higher exponent with the smaller prime 
Choosing the smallest primes 2 and 3, we could have 
2° or 273". Clearly, 2 32 is greater than 2* + 3 12 
Thus, 12 is the smallest number having six divisors 

Theorem 19: The product of the divisors of a positive 
integer, m, is m7" where *(m) is the number of di- 
visors of m. 

1) Let the divisors of m be d,, d.,, » Brtends 
they are r(m) in number 

2) The product of the divisors is thus P d,+d,++-* 
Brim): 
3) But m/d, is a divisor; and so are m/d,, m/d,, 
Md dermm): 

4) Since d,, d,, .. . , der) are all different, each term 
in (3) is different. 

5) Hence, we may write 


since 


hrm mn 


, 
/ l.d dein 
since the number of distinct divisors is *(m) in number 
6) Multiplying (2) by (5): P mrm), 
7) Hence P mr(m)/2, 
Arithmetic Example: The product of the divisors of 6 
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is 67 (6)/3 
(6) = (1 + 1) + 1) 


Therefore, P 36. 
Check: 1 > 2°36 36. 


The Greatest Integer in a Number 


Consider the number 22. It is composed of the sum 
of the integer 2 and the common fraction 42. We write 
2% 2 42. We might state, “The greatest integer in 
2% is 2”. And so 2% is the sum of “the greatest integer 
in 244” and %. Denoting “the greatest integer in x” by 
the bracketed x, [x], it is clear that 

(24])+ "”% 2! 


Hence, for any number x we can write x [x] + 9; 
® is necessarily a fraction, and so 0 < # < 1. For ex- 
ample, 


[1.414 66. 1, and [—7%] %) 


8 


{\/2] 


We shall develop some theorems relating to this concept 
Theorem 20: If m is an integer [x +- m] [x] + m. 
Proof 

1) Let [x] 1. Hence x  @ and0O < @.« 

2) m+ x m-+-I+ ® 

3) [m + x] m-+- I] m + [x] 
Arithmetic Example: (33%) 10 


Theorem 21: 


[23%] 


f 0, if z is an integer 


| 1. otherwise 
Proof 
1) If x is an integer: [x] 
consequently, [x] +- [—x] 0. 
2) If x is not an integer: [x] I and x I+ 
where 0 < @ < 1; and [—x] {—l ®] [—(/ + 1) 
(1 #)], where 0 < 1 ip < 
3) Hence [—x] (7 + 1) 
4) Consequently, [x] + [—.] (i + 1) 


xr and {[—x] 


| 


Arithmetic Examples 

1) {10} + [—10)] 10 0 

2) [10%] 4+ [—10%] 10 ll 
Theorem 22: If 6 is a positive integer, then 


r r 
Lé]-(4 
Proof 


1) We may write x 
o O<r<ib 


hq +- r, where 0 - 


, r 
«) ? j where 0 « 


4) Since [x] = bq + 
0O< <1 


5) 


6) Since 0 < r < b — 1, in (1) above, r + 1 <b 
and sor 


1/b < 1. But 0 < @ < 1; hence, r &/b <1, 
and therefore is a proper fraction. 


7) Hence 
z 
b Mi... 


8) Comparing (3) and (7), we can establish the 
theorem. 


Arithmetic Example: 


Pe) 
[“s*]-3 
[me] -[2]- 


Theorem 23: If m is a positive integer, then 


[4] 
k 
is the number of multiples of k in the sequence 1, 2, 
re ee 
Proof: 


1) Let [m/k] 


3, 


I, or m/k 1 + ®and m = kI +- 
Ok, 

2) Hence, m — kl 
0< @< 1. 

3) The range of values from k/ to m is m — kI. This 
range has been shown by (2) to be less than k. The 
beginning of the range is k/, a multiple of k. 

4) In consequence of (3), there are no multiples of 
k in the sequence above ki. 

5) Hence, the multiples of & in the sequence are: 
k, 2k, 3k, ... (1 —3)k, (1 —2)k, (1 —1)k, Ik. 


6) Counting (5), it is clear that the number of 
multiples of k is 
m 
'-[%] 
Arithmetic Example: 


ia 


and this is the number of multiples of 3 in the sequence 
Sabie we O Op Re a 


ok. The last term is < k since 


Factorials 


The product of the integers from 1 to n inclusive is 
called “factorial n” and is denoted by nm! Thus, 6! 
1°2°3+4+5+6 720; etc. Consider 9! 1-2 
*3+4+5+6+ 7+ 8+ 9. What is the highest power of 
3 contained in 9!? Clearly, in the product, 3 is contained 
as a factor of 3, 6, and 9 only. It is contained once in 3, 
once in 6 and twice in 9. Hence, 3* is a factor of 9! We 
say that the highest power of 3 that is contained in 9! is 4. 

Let us turn to the general problem of the exponent of 
the highest power of a particular prime that divides n! == 
1+ 2+ 3+ ++ nm, Let us call the prime p and we are 
interested in determining the exponent of p, which we 
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shall denote E, (n!), in such a way that 
n! = pBpin).K 
where (K,p) 1. Hence, for example, 6! 
here K = 45, so (45,2) = 1. 
Theorem 24: 


monn "Lid } Le] ? 


YL# 


2* + K, and 





Proof}: 


1) al! 1+2*3+2¢ (mp9 — 2Xin — 1)n 


- ) C onsider 
[ ] 
p 


It is, according to Theorem 23, the number of multiples 
of p' in the sequence 1, 2, 3,..., n. 

3) But the number of multiples of p, p*, p’, . . 
p*, . . . is the number of times p occurs in n! 


Arithmetic Examples: 
1) What is the highest power of 3 contained in 
100! == 1+ 2+ 3 +++ 98+ 99 100? 


100 100 100 100 
= — + + — + + zero terms 
3 9 27 8l 


= 33+114+3+1 8 


E100!) 


Hence, 100! 1+ 2+*3++-+ 98 + 99 + 100 contains the 
factor 3**; and 48 is the highest power of 3 contained 
in 100! By using Theorem 17 we could have saved some 


effort by writing 
92) pa | 
5 as 3 | 


i 


and hence avail ourselves of our previous work. Thus 


E; (100!) [ J Ls] ' Ls] [ :] 


2) What is the highest power of contained in 


68! = 1+ 2+ 3++ + 66° 67 + 68? 


baa -[]+[2]-901-m 


Hence, 7'° is contained in 68!; and 10 is the highest 
power of 7 contained in 68! 


CAUTION: The theorem relates to the highest power of 
a prime contained in a given factorial). If we are interested 
in the highest power of a composite contained in a given 
factorial, we must first determine its prime composition 
and then determine the highest power of each prime 
contained in the given factorial. For example, to determine 
the highest power of 20 contained in 100!, we observe 
that 20 = 2? + 5, and 


caw = [™]+ [2] + [2] + [2] [2] +02 


=50+254+12+6+341 =97 


[F] [2] 
=|—|+|] =] =2+4=2% 
0 a 


Observing that 2 occurred in 20 with exponent 2, and 
5 occurred in 20 with exponent 1, we now determine the 


minimum of 
97) _ 24 
2. and i 


Hence, 20 occurs to the 24th power in 100! 
Sequence of Composites. An interesting sequence is 
given by 


and 


E100!) 


ni +2, n! + 3, n! + 4, _nal+n 


For n greater than 1, the first term, n! +- 2, contains 2 as a 
factor; the second term, n! +- 3, contains 3 as a factor; 

. ; and the last term, nm! +- n, contains n as a factor. 
Hence, the sequence contains only composites. 
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If we are concerned with consecutive primes, it can be 
readily seen that the gap between them can be made 
larger than any number we can name. For example, if 
you name 8, we can set n 10 and categorically state 
that the sequence 10! -++ 2, 10! +- 3, 10! + 4, ., 10! 
+- 10, or equivalently, the 9 integers 3628802, 3628803, 
3628804, . . . , 3628810 contain no primes. 

It was proved by Tchebycheff that there is at least one 
prime between n and 2n 2 for mn a real number and 
greater than 3%. 

The problem of determining any prime larger than a 
given prime is one of the unsolved problems 

Expressing an Integer to any Base. We first observe 
that abc and '36 express (in our decimal numbering 
system) different concepts: abc a < b & e (which 
means the multiplication of numbers by one another); 
136 (1 107) + (3 « 10) + (6 10°), (which 
means that a quantity is expressed by integers according 
to their position to the base 10. In general, any quantity, 
N, may be uniquely expressed to an arbitrary base 6, as 
follows: 

\ a,b" + a,_, 6" 


This quantity would be denoted by the integer 
\ (a,a 

We now observe that 
N = dN; + a 


a4,.4 vA 


ifa.b”" 
and thus 
NV; BN; 4 ay 


blab"? 4 as. Fa ; °- a) ry ay 


and so forth. Thus N can be written to the base / in 
consequence of the foregoing algorithm. Arithmetic ex- 
amples will serve to illustrate this generalization 


Arithmetic Examples 


1) Given the number “nine” written to the base 
“ten” (namely, 9 9.,), how is this number written to 
the base of “two” (as used in the binary system)? 


9 2 ence 3 l 

4 2 rence i) 
’ ve ‘ 3 ‘) 
) 


‘ 


? 


" 
} 
} 
! 


Hence, 9 (1001) 


Check: (1 & 2%) + (0 * 2?) . ~ (1 
2°) 8+0+ 0+ 1 9 


4244,a 


2) Given the number 106 to the base “ten”, how is 


it wri.ten to the base 7? 

106.5 = 15 + 
15 2 +1 
? = i) 4. 2 


Hence, 106 
Check: (2 K 77) + (1 & 7) + (1 98 + 
7+ 1 106. 


Congruence. The notion of congruence is due to Gauss. 
It stems quite directly from the definition of remainder 
(following Theorem 3). Much of the present-day effort in 
modern algebra stems from this work and its implications. 
To illustrate, we may consider an arithmetic example, 
such as the remainders of numbers upon division by 7: 
15 divided by 7 leaves the remainder 1, and 8 divided by 
7 leaves the same remainder. Then 15 is said to be con- 
gruent to 8 (modulo 7). 

An integer a is said to be congruent to an integer b 
(modulo m), if, and only if, a and b leave the same 
non-negative remainder upon division by m. This is 
written 


a,a,a 211 


a b(mod m) 
Arithmetic Examples; 


1) 3 == 7 (mod 4), since 3 — 0 + 
4=1+ %. 


% and 
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2) 16 1 (mod 3), since 16 -- 3 = 5 +- % and 
1+3=—0-+ %. 
Theorem 25: a 

Proof: 
1) If a == b(mod m) 
2) Then a mt, + r, where 0 < r < 
b mt, r, where 0 <r < m. 
3) Hence a — b m(t, t,) 
integer. Hence ma b. 
4) If ma 6, then a b km. 
5) Assume different remainders, Then a mi, + 
r,, where 0 <r, < m, and b mt, + r,, where 0 <r, 
m. 
6) Whence, a b m(t, t.) +1; 7 
7) But, according to (4), m roust divide r, — ry. 
8) Since, according to (5), r, m and r,< m, the 
only way that m could divide r, r, is for r, Pr, =z 0. 
Arithmetic Examples 


: b(mod m), if and only if, mja — b. 


m, and 


mit, where ¢ is an 


3 = 7(mod 4) and 4/(7 3) 
16 = 1(mod 3) and 3) (16 1) 
15 = &(mod 7) and 7/(15 S) 

Residue Classes. a and / are in the same residue class 
(modulo m) if, and only if, a b (mod m). Hence, the 
possible residue classes are 0, 1, 2, 3,...,m 1, and so 
(counting them) the residue classes are m in number. 

Arithmetic Examples 

1) The residue classes (mod 3) are 0 (mod 3), 
1 (mod 3) and 2 (mod 3). Hence, we may classify all 
the integers according to their residue class (mod 3): 
class 0 (mod 3) : 9. 6, 3, 0, 3, 6, 9, 
class 1 (mod 3) ; 5, 5. ee me 
7 bi; = 9, 2, do G Sky ccc 


class 2 (mod 3) : Ry 


2) Classify the integers as to their residue classes 
(mod 2) 


class 0 (mod 2) : 6, 4 2, 0, 2, 4, 6, 


class 1 (mod 2) 5 i ~-E isd & Fs 


Hence, all even integers are in residue class 0 (mod 2); 

and all odd integers are in residue class 1 (mod 2). 
Theorem 26: An integer in residue class r, (mod m) 

multiplied by an integer in residue class r, (mod m) is an 


integer in class rr, (mod m). 
Proof 
1) Let the integer in class r, be / mt, + ry; and 
let the integer in class r, be / mit, + Po. 
2) Then /,/, (mt r,)(mt, + r,) 
mt, -- t,) - 7,Po. 
3) Clearly the residue class of the product /,/, (mod 
m) is ryr, (mod m) 


i 


m*t.t. + 


Arithmetic Examples 

1) § 2 (mod 3) anc 10 1 (mod 3); hence, 5 
is in class 2 (mod 3) and 10 is in class 1 (mod 3). Con- 
sequently, 5 + 10 50 should be in class 1 + 2 (mod 3), 
or class 2 (mod 3). But 50 2 (mod 3), demonstrating 
the theorem 

2) 7 is in class 3 (mod 4) and 19 is in class 3 (mod 
4). In what class is 7 + 19 133 (mod 4)? Answer: 
Class 3 + 3 (mod 4) 1 (mod 4). 

Check: 133 4-33 +-1. 

Theorem 27: If any class member is relatively prime to 
the modulus, all class members are relatively prime to 
the modulus, 

Proof: 

1) All members in class k are of the form mt + k. 

2) We are given that (m, mt, +- k) 1 holds for 
t,. Hence, according to Theorem 12, (m,k) = 1. 

3) We are to show that (m, mt + k) 1 holds for 
all ¢. 

4) Assume that (3) does not hold. Then there is a 
greatest common divisor D 1, such that (m,mt +- k) 

D. 
S$) Then Dm and D\mt +- k, so D)k. 
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6) But, according to (2), (m,k) = 1; and in (5) 
we have established a divisor D > 1 which divides both 
m and k, which is a contradiction. 

7) Hence (3) must hold. 

Arithmetic Example: 4 is relatively prime to the modu- 
lus 3. Hence, all class members of residue class 1 (mod 3) 
are relatively prime to the modulus. Hence... —8, —5, 
—2,1,4,7,... are relatively prime to 3. 

Reduced Residue System. A reduced residue system is 
one employing only residue classes which are relatively 
prime to the modulus. 

Arithmetic Example: Modulo 6 we would use only the 
remainders 1 and 5 in a reduced residue sytsem; and mod 
5 we would employ only the classes 1, 2, 3 and 4. 

Theorem 28: A prime p has p — 1 reduced residue 
classes. 

Proof: Immediate from the definition of reduced residue 
system. 

Arithmetic Example: Returning to the tabulation follow- 
ing Theorem 6, it is clear that mod 7, a prime, can have 
reduced residue classes of 1, 2, 3, 4, 5, or 6. 

Concerning Congruence. In terms of the definition given 
above, many of the elementary manipulative properties of 
congruences are self-evident and will be stated without 
proof. 

Theorem 29: If a == b(mod m), ac = bc(mod m). 

Arithmetic Example: Since 1 7(mod 6), 3 = 
21 (mod 6). 

Theorem 30: If a = b(mod m) and c 
then a +c b +d(mod m). 

Arithmetic Example: Since 1 
6(mod 4), it follows that 3 
l 1(mod 4). 

Theorem 31: If a = b(mod m) and c 
then ac == bd(mod m). 

Arithmetic Example: Since 2 = 5(mod 3) and 4 = 
1(mod 3), it follows that 8 = 5(mod 3). 

Theorem 32: If a = b(mod m), than a" = b"(mod m). 

Arithmetic Example: If we divide 3'*' by 7, what is the 
remainder? 

3 3(mod 7) 

38 2(mod 7) 

3 6(mod 7) 

3 3 + 6 sc 4(mod 7) 

3° 3¢ + 3% as 4 - 2 == 1(mod 7) 

(323)¢ 3188 == 1(mod 7) 

31 3188 - 33 oe | 6(mod 7) = 6(mod 7) 

Hence 7|3'*! — 6, and similar to the fact that the re- 
mainder of the division of 13 by 7 is 6, thus 7 (13 — 6), 
the remainder in dividing 3'*' by 7 is 6. 

In ordinary algebra the so-called Cancellation Law holds; 
thus, if ac = bc and c # 0, it follows that a = b. 

The following theorem investigates the cancellation law 
that is applicable to congruences. 

Theorem 33: If ac = hc (mod m), and (cm) = 1, 
then a b(mod m). 

Proof: 

1) By hypothesis, m\ac — bc; thus mic(a — 5). 

2) Since (cm) = 1, mia — b. 

3) Hence a = b(mod m). 

Arithmetic Examples: 5 = 35(mod 6), thus 1 - 5 = 
7 - 5(mod 6) and (5, 6) = 1; therefore 1 = 7(mod 6). 
On the other hand, 4 28(mod 6), thus 1 + 4 = 
7 + 4(mod 6) and although (4,6) ~ 1, the relationship 
1 == 7(mod 6) holds, although it does not follow from 
the theorem. Again, 8 = 12(mod 4), thus 2 + 4 = 
3 + 4(mod 4) and (4, 4) # 1 and here 2 * 3(mod 4). 
The above examples illustrate the care that must be ob- 
served in the algebraic manipulation of congruences. 

Any two integers m, and m, can always be expressed 
in terms of their greatest common divisor since m, == 
n,(m,, m,) and m, = n,(m,, m,) where (n,, nm.) = 1. 


d(mod m), 


= 5(mod 4) and 2 = 
11(mod 4) and, of course, 


== d(mod m), 
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The least common multiple of m, and m, is then L = 


non.(m,, m.). 


Theorem 34: If a = (mod m,) and also a 
m.), then a b(mod L). 
Proof: 
1) m 
(a - hb) 
2) Hence n,'a — b/(m,,m.) and n.'a b/(m,.m,) 
3) But (n,,n.) 1, thus, 7,,7./a b/(m,.m,). 
4) . L n,n (m,.m.) (a hb). ora himod L) 
Arithmetic Example: 5 29(mod 6) and 5 29( mod 
8). Since (6.8) == 2:6 3+>2 and 8 4-2 and thus 
I 3-4-2 24. Hence 5 29(mod 24) 
The question remains: When does a linear congruence, 
such as 5x 1(mod 6), have a solution? 


Theorem 35: The congruence ax hb(mod m) has a 
solution if (a,m) 1. All solutions are congruent 
Proof: 
1) Since (a.m) l, n.a + num l 
2) atbn,) m( bn.) 4, thus albn.) 
(—bn..)m. 
3) -*- albn,) b(mod m). 
4) Hence ax 4(mod m) has the solution (hn,) 
5) Let x, and x. be two solutions: then ax b( mod 
m and ax b(mod m). 
6) Hence ax, ax.(mod m). 

7) But since (a.m) 1, the cancellation law can be 
applied; thus x x.(mod m) 
Arithmetic Example: 5x 

solution, since (5,6) l. 
result. 
The above is generalized in the following theorem 


Theorem 36: The congruence ax b(mod m) has 
(a,m) D incongruent solution if, and only if, (a.m) 'b; 
otherwise it has no solution. 

Proof: 

1) Let m 


b(mod 


n,(m,.m.) (a — 6): and m n.(m,.m,.) 


I({mod 6) does have a 
5(mod 6) is the desired 


m,D, a a,D and b b.D 

2) Since ax b(mod 5), and by virtue of (1), we 
may write a,x 5,(mod m,) 

3) Now, (a,,m,) 1. Hence (2) has a solution, by 
the previous theorem. Call it x,. 

4) Hence m, a,x b,, thus m,D'a,Dx b,.D 

5) Since it follows directly that max b, it is 
clear that ax b(mod m). 

6) All integers of the class (x, -- sm.) satisfy (2) 
Indeed, x,, +- sm, x, (mod m,,); or, in other words, each 
integer of this class is the solution (mod m,). 

Under what circumstances are two integers chosen from 
this class in the same residue class (mod m)? 

7) x + s,m x 
when (s s.)m O(mod m) or when s 
O(mod D), since m m,D. 

8) Hence two integers, x, +- s,m, and x 5.My, 
are in the same residue class (mod m) if they differ by a 
multiple of the greatest common divisor D 

9) Hence the solutions of ax 
(a,m) b are x,, x, +- m, 


s.m,(mod m), s 


(a,m) 
b(mod m) when 
Ze + 2g, .-- +X + (D 
1)m,, and (counting) these are seen to be D in number 
Arithmetic Example: Solve the congruence 4x 
16). (4,16 4 
tions. x 


8( mod 
D and 48; hence there are 4 solu- 
2(mod 4) has the solution x 2(mod 4) 
Since m m/D 4, the solutions are of the form 
Xo + sm 2 + 4s(mod 4). Hence x & & 10, 
14(mod 16). 

Check: 4+ 2 4°+6 4-10 =4-14 8( mod 16) 

Prone to think in ordinary algebraic terms as most of 
us are, we may be somewhat surprised to find a first-degree 
equation with four solutions and sometimes no solutions 
Lagrange investigated this problem and plucked out the 
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following result, which we shall submit without proof, as 
follows: 
Theorem 37: Every congruence of the form: 
a,x" + a,.,x%' + °° * + a2 a,(mod p) 


where a, * O(mod p), and p is a prime, has af most n 
solutions 
Arithmetic Example: Although x 2 
at most two solutions, it actually has none 
Concerning Residue Systems. Suppose r,. ',. > ws 
This means that 


O(mod 5) has 


is a complete residue system (mod m) 
r, ® r,(mod m) unless / j 

Theorem 38: If (a.m) 1, then ar,, ar 
a complete residue system (mod m) 

Proof: 

1) Suppose ar, ar (mod m), then ar mi + ar;. 
2) Since m 7 a, m(r; r,), thus r r,(mod m). 
3) But this cannot be. Hence, Q.E.D 

Arithmetic Example: 0, 1, 2, 3, 4, 5, 6(mod 7) Is a 
complete residue system. So is 0, 2, 4, 6, 8, 10, 12(mod 7) 

0, 2, 4, 6, 1, 3, S(mod 7), respectively 

Theorem 39: If s is an arbitrary integer, then r, -+- 5, 
FT. ~ 3,073 TF 5,222.9 % oe s(mod m) is a complete residue 
system. 

Proof 

1) Suppose r; -+- 5 r 
2) But then r r,(mod m) 
3) Hence, Q.E.D. 

Arithmetic Example: 0, 1, 2, 3(mod 4) is a complete 
residue system. So is 3, 4, 5, 6(mod 4) 3, 0, 1, 2(mod 
4), respectively 

Theorem 40: If (a.m) - 
teger, then ar, -+- 5, ar, + 6, . ar 
a complete residue system 

Proof 

Similar to the proofs of Theorems 38 and 39 

Arithmetic Example: 0, 1, 2, 3, 4 (mod 5) is a complete 
residue system. Let a 3 and b 2: 2, 5, 8, 11, 14 (mod 
S) 2, U, 3, 1, 4 (mod 5), and thus is indeed a complete 
residue system. 

In general, information as to what cannot be done is 
often as important in cherting the direction of man’s efforts 
as knowledge of what is possible. The primes—as we 
have discussed—have presented a formidable problem to 
the mind of imaginative researchers for twenty-two cen- 
turies. The following theorem is representative of man at 
work on this recondite problem 


s(mod m) 
This is impossible! 


and / be an arbitrary in- 
himod m) 1s 


Theorem 41: There is no polynomial of the first, or 
higher, degree that can yield only primes for integral 
values of the variable 

Proof 

1) Let f(x) be a polynomial in x of degree 

2) Suppose for some x, for example, x,, f(+,) P, 
a prime 

3) Let x i ap, where a is an arbitrary integer 

4) By definition, f(x) 2x ao 

- a 
5) Hence, f(x, +- ap) a(x ap)” 
a,(x, +- ap) +a f(x) Kp, since, on expanding by 
the Binomial Theorem and combining, it is obvious that all 
terms, except the first, contain p 

6) Thus f(x, + ap) p p p(t k), 
from (2) 

7) But k c,a" + C, ’ : ~ C.a, Where 
the c,’s are determined in (5) 

8) But for (6) to represent a prime, & must be 0 of 

2, for all values of the arbitrary integer, o 

9) And for (7) to hold 
Ca” - C,.,a” - Cia k 0 

Since we have an nth-degree equation in a, there are at 
most n integral values of a which satisfy. But according to 
its definition in (3), a was an arbitrary integer, capable of 
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assuming all integral values. These two statements are in- 
consistent, therefore k *# 0 or —2, and f(x) cannot yield 
only primes. 

Euler #-Function. Euler defined the function ®(n) as 
the number of integers not exceeding n and relatively 
prime to n. 

Arithmetic Examples: 

(1) 1, since (1,1) I 

(2) 1, since (2,1) == 1 and (2,2) 2 

(3) 2, since (3,1) 1, (3,2) 1 and (3,3) 3 

(4) == 2, since (4,1) 1, (4,2) == 2, (4,3) 1, and 
(4,4) 4 

(5) 4 

(6) 2 


Theorem 42: For p prime, #(p) p 

Proof: Compare with Theorem 28 

Arithmetic Example: (7) 6, @(11) 10 
Theorem 43: For p prime, #(p”) pri 1/p) 
Proof 

1) Consider 1, 2, » ph 5 aM i iy. 
p” . p” 

2) The total number of terms in the sequence (1) 
is p” 

3) p” is relatively prime to (p” minus the number of 
terms in the sequence (1) that p® is not relatively prime 
to) 

4) Let us count by first numbering the terms in the 
sequence to which p” is not relatively prime. Let us start 
at the end of the sequence 


lerm No. 0 
lerm No. 1 
lerm No, 2 


p” D 
There are ( : ) - | p”* terms to which p" is 
Pp 


not relatively prime 
5) Hence (p") p” p” prc l/p). 

Arithmetic Example: How many integers are no greater 
than 9 and are relatively prime to 9? (9) (3°) 
1 1/3) 9 3 6 

Check: The six integers are 1, 2, 4, 5, 7 and 8. 

A function f(x,, x,, .. X,) 18 said to be an arithmetic 
function if f is an integer for all integral values of x,. For 
example, the following functions are arithmetic: f(x) 
sin wx; f(x,y) r- X*y; rin); a(n); O(n). 

An arithmetic function is said to be muttiplicative if, 
for (a, b) 1, fla, b) fla) + f(b). 

Theorem 44: // (a, b) 
®(ab) (a) + o(b) 

Proof 

1) Consider the sequence of numbers 1, 2,.. . , ab, 
as written below 


1, &(ah) is multiplicative; i.e., 


1 
1+] 


»—IT)a 
lja+3, a l)a+4, b 


2) Row | contains (a) integers relatively prime to 
a. Assume i to be one of these integers, But then each 
integer in column / is relatively prime to a. 

3) Hence there are ®(a) columns of integers that 
are relatively prime to a. In each column there are / in- 
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tegers. How many of these integers are relatively prime 
to b? 

4) Consider any two integers in the ith column 
ra -+- i and ya +- i where x * y. 

4.1) Suppose b\xa +- i and b'ya +- i 

4.2) Then b'(xa + i) — (ya i), or b(x — y)a 

4.3) Since (a, b) 1, bi(x — y). 

4.4) But x and y range from 0 to (b — 1), thus 
ba (x y). 

5) Hence, in each column which is relatively prime 
to a, there are b integers, no two of which have b as a 
factor. 

6) The + integers of each column are thus in some 
order congruent (mod 5) to 1, 2 b; and thus there 
are exactly ®(b) of them which are relatively prime to b. 

7) Since an integer is prime to ah if, and only if, it 
is prime to a and prime to 6 (a restatement of Theorem 
13), the result follows at once. 

Theorem 44 permits us to state a comprehensive result 
in the following theorem. Given an arbitrary integer n, 
whose prime factorization is known, we wish to determine 
how many of the smaller integers are relatively prime to it. 

Theorem 45: If 


* pitt, O(n) =n ll (: A i) 


Proof: Since (n) is a multiplicative function, 


‘TT(-4) 


Arithmetic Example: Determine (12). (12) 
1261 ’%)(1 — 4) = 4. 

Check: @(12) (27) + &(3) 27(1 
3) 4. These integers are 1, 5, 7 and 11. 

The next theorem is actually a lemma* to the one fol- 
lowing thereafter. It counts the number of integers in a 
class, C(d), which is defined as follows: C(d) is the subset 
of integers taken from the set 1, 2, 3,..., in sucha 
way that an integer, x, is in the subset if, and only if, 
(x, m) d. 

Theorem 46: If n a@* é, 
Cid) @(d’). 

Since the statement of the above theorem is a little in- 
tricate, let us observe an arithmetic example before we 
proceed to the proof. 

Arithmetic Example: Let n 
the number of integers in C\( 
Vy 1 1g) 2. These are the integers x 
chosen from the set (1, 2, 3,..., 12 
that (x, 12) a 

Proof of Theorem 46: 

1) We need only consider integers in the following 
scquemos: d, id, 34, ....5 0.1.5, 08 n. 

2) We observe that (id, n) (id, d’d) and that 
(id, d’d) d if, and only if, (i, d’) i. 

3) But i assumes values in the sequence 1, 2, 3,..., 


4%) 3(1 


the number of integers in 


l2.d 2, @’ 6. Then 
2) is (6) 641 — 
:2and x = 10 
in such a way 


d’ 
4) The number of values of i in sequence (3) which 
are prime to d’ is clearly ®(d’). 


* See Logic—and the Principles of Programming Alice Mary Hilton 
E.retTricat Manufacturing, July 1960, p 71 

Logic—and Switching Circuits, Alice Mary Hilton, Evecrricat MaAnu- 
FACTURING, April 1960, p 123 
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2) Let (a, m) 1, then another reduced residue 
system is given by ar,, ar,,... , @fgcm) (mod m), 
3) ». ar, * ar, ar aem yr, * +, 

(mod m). 
4) Since (r;, m) 1, the cancellation law can be 
employed, and the theorem is proved. 


5) Hence the members of C(d) are (d’) in number. 
The following theorem states: Given an arbitrary integer 
n that has the divisors d,, d., . . . , dy. Summing the num- 
ber of integers no greater than and prime to d, to those 
no greater than and prime to d., . . . , to those no greater 
than and prime to d,, it is proved that the sum of this 
number is n, the original arbitrary integer. This is a rather 
remarkable result! 
Theorem 47: 


Tim, 


In its usual garb Fermat's Theorem is applied to the 
modulo p, where p is a prime. In this case, one has 


d Theorem 49: a’! 1 (mod p), where (a, p) 
> d(d) 
dn Proof: 

Since ®(p) Pp 


previous theorem 


Proof: 
1) Let the distinct divisors of nm be d,, d.,.... dy: 
let us define d,’ so that d,d;’ = n. 
2) Consider the classes C(d,), C(d.), . . . , Cld,). 
3) Each of the numbers 1, 2, 3, ... , m lies in one 
and only one class, as is clear from the definition of C(d). 
4) Ci(d,) has (d,’) elements 
Cid.) has #(d,’) elements 


1, this follows directly from the 


Arithmetic Example: 2** 1 (mod 23) since (2, 23) 


: 
Check 32 9 (mod 23) 
9 - 81 12 (mod 23) 
12 144 6 (mod 23) 
2 4 - 1 (mod 23). 


tiv tv 


C(d,) has ©(d,’) elements 


5) Hence 3 o(d;") $ @(d;) = (d) n; 
i=1 i=} din 
where the subscripts have been dropped because the set 
d, = the set d,’. 

Fermat's Theorem. The following theorem, due to Fer- 
mat, presents a (by now) well-known and often quoted 
result: 

Theorem 48: a?” 1 (mod m) when (a, m) 

Proof: 

1) Consider the reduced residue system r,, r., . . . All are available in reprint form—see page 224 
(mod m). 
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---------- Rate Gyros 


The gyroscope, in all its ramifications and variations, is one of the 


most widely used instruments in servomechanisms for military and 


defense applications. One of the various types is the rate gyro, whose 


particular application is in turn-indicators for steering many kinds 


of airborne and space vehicles and, more importantly, in inertial 


guidance systems for missiles. Its proper application in these precise 


systems depends on a knowledge of, and testing procedures for 


evaluating, its transfer function. 


PETER PAUL FISCHER* 

dir Arm Division 

Westincnouse Exvecraic Conporation 
Baltimore, Maryland 


A cyroscopet consists of a rotor spinning within a sup- 
porting structure or inner gimbal. This inner gimbal 
may, by means of pivots and other gimbals, be mounted 
in a manner allowing one or more degrees of freedom 
with respect to a base. Figure 1 shows such a configura- 
tion having two degrees of freedom. Various restraints 
may be introduced about the axes of motion (freedom) 
to adapt the gyroscope for its particular application. Rate 
gyros having one degree of freedom are used in applica- 
tions where the measurement of rotational rates with re- 
spect to inertial space is required (such as the stabiliza- 
tion of airborne fire-control radar antennas, missile guid- 
ance, etc.). 

Gyroscopic Relationships. The gyro rotor (wheel), 
while spinning about its axis, has an angular momentum 
(H) which can be represented by a vector along the spin 
axis. Direction of this vector can be determined by the 
right-hand rule (similar to that used to determine the 
direction of the field about a current-carrying conductor ) 
as shown in Fig. 2(a). The fingers curve about the rotor 
so that the fingertips point in the direction of rotation. 
The thumb will then point in the direction of the mo- 
mentum vector. Figure 2(b) shows how a right-hand 
screw may be used to determine the direction of the 


* Mr. Fiecher is a member of the subcommittee on Component Specifications of 
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momentum vector. If we align the screw so that the direc- 
tion of rotation of the gyro rotor, if applied to the screw, 
would cause it to advance, the screw will point in the 
direction of the momentum vector. Either of these two 
methods can be used to determine the direction of a 
torque vector. In this case, the rotation causing the 
torque replaces spin rotation and the thumb (or screw) 
points in the direction of the torque vector. 


Equation (1) shows the basic relationship of various 
gyro parameters to gyroscopic torque. 
T, = Heat (1) 
where 
T, = gyroscopic torque (dyne-cm or gm-cm*/sec’) 
w; = input rate (radians/sec){ 
H = angular momentum of rotor (gm-cm*/sec) 


The angular momentum is derived from 
H = Jaw 
where 
Jp = rotor inertia (gm-cm"*) 
w, = angular spin velocity (radians/sec) 

Rate Gyros. Figure 3(a) shows the classic spring- 
restrained rate gyro. It consists of an inner gimbal 
pivoted on an axis perpendicular to the spin axis of the 
rotor and restrained from rotating about this gimbal axis 
by a spring with a linear spring constant. It is desirable 
to introduce some means of viscous damping about the 
gimbal axis to limit the effect of the natural frequency of 
the spring-inertia combination. Damping may be pro- 
vided by devices such as pneumatic or hydraulic dash- 
pots, eddy-current devices, or the viscous shearing of a 
fluid film between the inner gimbal and case. Some gyros 
are constructed so that the inner gimbal is sealed within 


t The input rate is with respect to inertial space. 





a cylindrical sealed case, which is floated in a fluid of 
equal or lesser density (achieving either critical buoyancy 
or a buoyant force somewhat less than critical). This ar- 
rangement allows the designer to use extremely small 
gimbal pivots and jewel bearings since their only func- 
tion is to keep the gimbal properly aligned (the weight, 
or most of it, being supported by the buoyant force), 
and thus achieve low friction levels. Stops to limit the 
rotation of the gimbal to a few degrees are used on most 
rate gyros. 

Figure 3(a) shows the rate gyro in its “at rest” condi- 
tion. A rotation about the input axis in the direction 
shown will change the orientation of the spin axis. From 
gyroscopic theory, we know that this will cause the mo- 
mentum vector to rotate (precess) toward the input 
vector. The torque causing this precession is called the 
gyroscopic torque. Precession will occur about an axis 


Fig. 1 — Two-degree-of-freedom gyro. 


=> 


Fig. 2— Direction of gyro momentum vector as determined by 
the right-hand rule (a) and the direction of advance of a 
screw (b). 


Fig. 3— Two types of rate gyro: (a) classic spring-restrained 
and (b) electrically restrained. 
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perpendicular to both the input and spin axes (gimbal 
or output axis). The torque required to restrain preces- 
sion is equal to the gyroscopic torque. 

If the momentum vector is rotated (by rotation about 
the input axis) and the gimbal restrained by a spring or 
other device, the following relationship must hold: 


T, = T, = Ho (2) 


where 7, = spring torque (dyne-cm or gm-cm/sec*). 

The angular momentum is a constant (if rotor speed 
remains constant), so the restraining torque is directly 
proportional to the input rate. 

Two methods of gimbal restraint are used. The first, 
as shown in Fig. 3(a), consists of a spring (of either the 
coiled type or a torsion bar) which will allow the gimbal 
to rotate until the spring torque (7) is equal to the 
gyroscopic torque (7). Then 
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T, = T= 0K 
where 


6 = gimbal angle (radians) 
K = spring constant (dyne-cm/radian or gm-cm*/radian- 
sec’) 

If we assume the spring constant to be linear (a design 
goal), the restraining torque is directly proportional to 
the gimbal angle and thus the gimbal angle is directly 
proportional to the input rate. A position-sensitive pickoff 
is used to sense this gimbal angle and produce the “out- 
put” of the rate gyro. Synchros, induction pots, precision 
pots, vane-type transducers, and similar devices may be 
utilized as pickoffs. 

The second method of gimbal restraint, shown in Fig. 
3(b), uses an electric torquer in conjunction with a posi- 
tion pickoff and related amplifier and electronics. The 
precession torque will displace the gimbals. The pickoff 
senses the displacement of the gyro gimbal from the zero 
position. The pickoff signal excites the torquer, which 
produces a torque opposite to the gyroscopic torque and 
restrains the gimbal from further motion when the two 
torques are in balance. 

Equation (4) shows that the current input to the 
torquer is directly proportional to its torque output 
(specifically designed for this characteristic) and thus 
directly proportional to the input rate: 


T, = Ta = Mla = Hox 


H 


le M ws 


w he re 


T.. = torque of torque motor (dyne-cm, gm-cm"/sec") 
1, = torquer input current (amp) 
M = torquer constant (dyne-cm/amp, gm-cm’/sec*-amp) 


A “rate output” is obtained by measuring the (vari- 
able) input current to the torquer. The torquer and 
pickoff combination is in effect an electromechanical 
spring which restrains the gyro gimbal. 

The Rate-Gyro Transfer Function. The spring- 
restrained rate gyro can be represented by the configura- 
tion shown in Fig. 4. Figure 5 shows a similar configura- 
tion for the electrically restrained rate gyro. Both repre- 
sentations assume: 


ap 


Fig. 4— Equivalent gimbal configuration of a spring-restrained 
rate gyro. 
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(a) The gyro can be approximated by a second-order 
system (spring-mass) with damping. 

(b) Compliance of gimbal bearings, the gimbal itself, 
etc., is neglected. 


(c) Nonlinearities do not exist in the frequency region 
under consideration. 


The response (to a torque input) of the unrestrained 
gimbal (inertia and damping only) is 
Ze = Jé, + pb, (5) 
where 
6, = gimbal angle (radians) 
J = gimbal inertia (for floated gyros, this value will include 
the inertia effect of the fluid moving with the gimbal, 
(gm-cm*) 
T, = exciting torque (dyne-cm, gm-cm?/sec*) 
8 = damping constant (dyne-cm/rad/sec, gm-cm*/sec) 
In Laplace notation* Eq (5) becomes 
TAs) = J f0) + Bsf0) (6) 
From which the transfer function may be obtained 


OAs) 1 __1f8 
($94 1) (6a) 


T&s) Je + Bs 

Figures 6 and 7 show the block diagrams for spring 
and electrically restrained rate gyros, from which the 
transfer functions may be written (similar to the transfer 
function of any feedback circuit). The following two 
equations can be written from the block diagram of the 

spring-restrained rate gyro (Fig. 6): 
TAs) = wfs)H — TAs) = w(s)H — K6fs) (7) 


0fs) = T&s) — (8) 


Ss. 
; ( a/J* 1) 
From Eq (8) we obtain 


TAs) = ena)es (5 } 1) 


Substituting Eq (9) into Eq (7) gives 


6,(s)8s ( sit 1) = w(s)H — K0,(s) 


Collecting the @,(s)terms and factoring yields 


* See “Automatic Control System Design,” a compendium of articles by Ira 
Ritow printed in Euscraica Manvuracrusinc, April-September 1959. Available 
in reprint form. See p 229. 


Fig. 5 — Equivalent gimbal configuration of an electrically re- 
strained rate gyro. 
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- Block diagram of spring-restrained rate gyro. 


@,(s) [ 6 (55 ' 1) } K| = w(s)H 


From which we obtain 


GAs) _ oy L ] 
w,(s) s 
as (5554 1) aes 
i. 
which can also be written 


OAs) = H 
ws(s) A 


a 


This is the transfer function of the gyro in terms of the 
gimbal angle. If we desire the transfer function in terms 


Table 1—Summary of Values of Natural 
Frequency, Damping Ratio, and Gain for 
Two Types of Rate Gyro 


Spring-restrained 
tate gyro 


| Electrically-restrained 
rate gyro 


V K/J Vv MyG/J 


Table li— Values of Transfer Function of 
Electrically-Damped Rate Gyro for 
Two Input Situations 


Transfer function 
in amplitude and 


Situation | argument form 


Transfer function 


Constant in- output (jw) 
put rate : =A A/0 


output (jw) 


Input rate ww) 


varying at ! 1 | 
undamped A “s 
natural fre- —1+ag+l 
quency 


Fig. 7 — Block diagram of electrically restrained rate gyro. 


of the pickoff output R(s), we multiply both sides of 
Eq (13) by y to obtain 


ar aw 


where y is the pickoff scale factor (volts/radian). Since 
y@,(s) = R(s), we can write 


Ris) Hy 


wy(s) F kK (15) 


By utilizing the block diagram for the electrically re- 
strained rate gyro (Fig. 7) we can obtain a similar trans- 
fer function: 


TAs) = w(s)H T.<2)M (16) 


(579 1) 
74) = Gey L! (59 +) 


Substituting Eq (18) into Eq (16) gives 
tap | ( s 
vos) L* \a/s * 


Ba + 
acs) | (, 74 1) u | ws) 


(17) 
T..(s) = TAs) 


1) | wds)H — 1.(s)M 


T,.(8) 
wi(s) M J# Bs 
Mo * Myo" 


Equations (15) and (22) are in the form 


output (s) l | 
wy(s) Pts 


Wr Wa 


where the coefficients are defined as follows: 


#, = undamped natural frequency (radians /sec) 
{ = damping ratio 
A = gain or sensitivity 
These terms are summarized in Table I. 
In the Laplace notation, jo may be substituted for s 
(where is the signal or exciting frequency and j is equal 


to \ 1). In Eq (23), if we replace s by jo, we obtain 
cutee wm — | l i (24) 
wil Jw | w* j J2iw ; 
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Fig. 8— Servo-controlled oscillating test table. The table is 
hydraulically actuated. This method of driving a high-response 
table eliminates mechanical backlash since gearing is not used. 


Table II shows the effect of two specific values of on 
the transfer function. 

Testing Rate Gyros. The system designer is inter- 
ested in verifying the transfer function of a rate gyro 
used in a control system. Ideally, this can be accomplished 
by running a frequency response of the gyro. The fre- 
quency response can be obtained by producing a sinu- 
soidally varying rate about the gyro input axis and 
measuring the amplitude and phase of the output. A 
typical set-up for this test is shown in Fig. 8. The ampli- 
tude and phase readings obtained may be plotted against 
frequency (Bode plot) and compared to “theoretical” 
curves obtained by substituting similar values for fre- 
quency (#) in Eq (24). 

A quicker method of verifying the rate-gyro transfer 
function is to use the two values of w shown in Table II. 
The technique is as follows: 


(a) Mount the gyro on a device which can impart a 
sinusoidally varying velocity about the gyro’s input axis. 

(b) Set the peak velocity to about 50 per cent of the 
gyro’s full-scale rating. 


(c) Increase the frequency of the input sinusoid until 
the output lags the input by 90 deg (phase measurement). 
This frequency is «,. The input-output amplitude ratio is 
1/28. 

(d) Reduce the input frequency to zero (constant input 
rate equal to about 50 per cent of gyro full scale). The 
input-output amplitude ratio is equal to A. 


These test results will define the transfer function 
of a rate gyro (over its linear range) and are sufficient 
for quick checking of rate-gyro frequency response. 

The method outlined above requires an oscillating test 
table. A servo-controlled oscillating table is shown in 
Fig. 8 Another configuration using the linear motion 
of a shaker (linear harmonic motion generator) to drive 
a rotating table through a small angle is shown in Fig. 9. 

Testing of electrically restrained rate gyros can be 
accomplished without an oscillating rate table. Figure 
10 shows a typical block diagram for obtaining the fre- 
quency response of an electrically restrained rate gyro 
by adding a signal through the torquer electronics. The 
gyro wheel should be spinning during this test to simu- 
late the operating conditions of the gimbal. Care must be 
taken to prevent rotational inputs to the gyro case (a; 
must equal zero). Figure 11 shows an actual frequency 
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Gyro output 
Frequency - 


response 


Gimbol onalyzer 


Onis 


Test -toble 
velocity 


Velocity 
pickoff 


oscillation 


Fig. 9 — Shaker-actuated oscillating test table. 


Torquer 
electronics 
Gis) 


Fig. 10 — Electrical method of obtaining the frequency response 
of an electrically restrained rate gyro. 


Fig. 11 — Frequency response of a gyro obtained by the method 
illustrated in Fig. 10. 


response obtained using this method. The gyro under 
test was a floated Westinghouse SIR-1 gyro (used in the 
rate-gyro configuration). 

Gyro sensitivity is another characteristic of interest to 
the system designer. As defined by the Aerospace Indus- 
tries Association, Electronic Parts Committee, Gyro 
Project, it is “the ratio of the output magnitude to the 
input magnitude. Sensitivity is evaluated as the slope 
of the best straight line that can be fitted, by the method 
of least squares, to input-output data obtained by vary- 
ing the input cyclically over the input range. Output range 
is the product of input range and sensitivity.” 

The data can be obtained by mounting a rate gyro 
with its input axis parallel to the axis of rotation of a 
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test table. The input rate of the table is then varied over 
the range of interest and the gyro output recorded for 
each input rate. The method of least squares is used 
to draw the sensitivity line. Figure 12 shows a sensitivity 
line typical for the SIR-1 gyro. Note that this line is 
linear within the gyro’s input range. Outside the input 
range the plot may begin to level off (slope decrease) 
as the pickoff begins to go into its nonlinear region or 
the slope may suddenly go to zero as the gimbal makes 
contact with its limit stops. Figure 13 illustrates these 
two effects. 

The test procedures used should always be specified 
when stating the gyro transfer function. 

The test conditions will affect test results. Some of 
the variables that must be taken into consideration are: 


(a) Gyro temperature. This will affect the damping con- 
stant, torque motor constants, etc. 

(b) Input axis misalignment. Reduces effective H/K. 

(c) Gyro motor speed. Variations in speed due to power- 
supply variations, etc., result in reducing H. 

(d) Torque-motor constant (pickoff, amplifiers, etc.). 
This value may vary due to power supply, temperature, 
electronic component fluctuation. 

(e) Gyro test mounting. Mounting should be rigid enough 
so as not to induce spurious outputs. 

(f) Measurement techniques. The calibrations of test 
instruments vary with time and usage. Test techniques 
should be chosen to prevent loading of gyro circuits, etc. 


Causes of Gyro Errors. The gyro transfer functions 
and relationships derived in this article are based on 
ideal situations, such as constant damping coefficients, 
linear spring constants and torquer constants, etc. Any 
factors which degrade the performance from the “ideal” 
will be considered a cause of error. The causes listed 
below as well as those previously listed may give rise 
to variations from ideal performance: 


(a) anisoelasticity 

(b) variation of flotation fluid density and viscosity 

(c) pendulous gimbal (mass unbalance) 

(d) dimensional instability (creep, unequal expansion, 
wear, etc.) 

(e) flex lead or slip-ring torques 

(f) magnetic or electric asymmetry in pickoff and/or 
torquer 

(g) noise in spin-motor bearings 

(h) reaction torques (due to pickoff) 

(i) saturation due to spurious inputs 

(j) variations and drift in associated electronics 

(k) hysteresis effects 

(1) flexure of gimbal (causing pumping of fluid and/or 
varying torques at gimbal pivots). 
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Fig. 12 — Typical gyro sensitivity curve (input vs output), 


Suggested Further Reading 


Many have contributed to the literature on gyros. The classic 
texts such as An Elementary Treatment of the Theory of Spinning 
Tops and Gyroscopic Motion, H. Crabtree (British, Longmans 
Green, circa 1914) and On the Theory of Tops, Klein and Som- 
merfield (German, circa 1900) are most probably too unwieldy 
for the average reader. Mechanics of the Gyroscope, Second Edi 
tion, R. F. Deimel (Dover Publications, New York, 1950); The 
Gyroscope Applied, K. 1. T. Richardson (Philosophical Library, 
New York, 1954); The Gyroscope—Theory and Applications, J. B 
Scarborough (Interscience Publishers, New York, 1958); and An 
Introduction to the Study of Gyroscopic Instruments, William R. 
Weems (M. I. T., Department of Aeronautical Engineering) are 
excellent reference works. 

Other sources for recent information on gyroscopic instruments 
are the reports and publications of the M. L T. Instrumentation 
though 
some of these are “classified” and may be difficult to obtain. There 
are also many informative booklets and information sheets issued 
by many gyro manufacturers which present tutorial material on 
this subject OO 


Laboratory (Department of Aeronautical Engineering), 


Fig. 13 — Effects of various nonlinearities on the sensitivity curve: (a) reduction in slope due to nonlinearity of system components 
(pickoff) ; (b) zero slope due to limit stops; (c) combined effect of (a) and (b). 
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Application of Electrical Insulation 
y the Fluidized-Bed Process 


The advantages and limitations of the new 
fluidized-bed process for applying insulation 
to electrical and electronic components and 
equipments. Design parameters, economics 
and practical applications for the process 


are explored and developed. 


MAX M. LEE 
Consultant in Electrical Insulation 
Fort Wayne, Indiana 


ALTHOUGH POLYETHYLENE, nylon and the perfluorinated 
plastics have many desirable insulative properties, their 
use in many electrical components has been restricted 
because of their limited solubility in common solvents, 
thus making it difficult to apply them from solution. 
Now, however, these plastics can be readily applied in 
thick build-ups by the fluidized-bed process. 

Electrical and electronic design often demand thick 
insulative coatings for applications where high electrical 
stresses are involved or where good moisture and 
humidity resistance are desired. Films as high as 40 to 
50 mils thick can be obtained in one dip by the fluidized. 
bed process. Thicker coatings can be applied by repeat- 
ing the preheat-dipping cycle. Many electrical applica- 
tions also require thick insulative coatings at sharp edges 
or corners. This is difficult to Obtain by solution-coating 
or even by the application of thick, thixotropic, non- 
solvent liquid dips. Edge coverage as high as 60 to 70 
per cent of the flat-wall thickness can be obtained by 
the fluidized-bed process, although usual edge coverage 
is in the range of 35 to 50 per cent. The edge coverage 
of a stator coated with an epoxy resin by the fluidized- 
bed process shown in the photomicrograph in Fig. 1 
is approximately 55 per cent of the flat-wall thickness. 

The fluidized-bed process is economical in its use of 
materials, equipment and labor. No solvents are used 
and little powder is lost. The few operations that are 
required call for simple, low-cost equipment and non- 
skilled labor. Because of the combination of these factors, 
the process is adaptable to automation. Several auto- 
mated lines are now in production, with others in the 
process of development. 


Design Parameters 


The fluidized-bed process was originally developed as 
a new method of applying thermoplastic coatings for 
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protection against corrosion. Because of the growing 
number of successful applications of this process in the 
electrical industry, it is now also considered as a new 
method of applying electrical insulation. The introduc- 
tion of thermosetting insulative materials during the 
past two years has added to the widespread interest in 
adapting the fluidized-bed insulating process to many 
new electrical and electronic applications. 

The process consists of dipping a clean, preheated ob- 
ject for a short period of time into a fusible plastic 
powder which is maintained in a “fluidized” state by an 
ascending current of gas passing through it. On striking 
the hot object, the powder fuses and clings to the surface. 
After withdrawal from the fluidized-powder bed, the 
clinging particles may melt and coalesce into a smooth 
continuous coating, depending on the residual heat 
capacity of the object. The plastic powder, while in the 
fluidized state, behaves like a boiling liquid. It offers 
little resistance to immersion, seeks small openings and 
readily coats all surfaces with which it comes in contact. 
To insure complete flow-out, it is often necessary to post- 
heat the object since thermosetting coatings require a 
curing operation to convert the resin to an insoluble. 
infusible state. 

Similar to many new commercial coating processes, 
the fluidized-bed insulating process offers a combination 
of advantages for many applications not available in any 
other insulating process. Some of the more important 


Fig. 1—Photomicrograph of section cut through a stator tooth. 
Part is coated with E-201 Vibro-Flo Epoxy powder. (Source: 
Armstrong Products Company, Warsaw, Ind.) 
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Table 1—Advantages of the Fluidized-Bed 

Insulating Process 

® Permits use of insulating materials difficult to apply by other 
methods. 

® Thick, non-sag coatings may be applied in one dip. 

® High edge and corner coverage. 

® Ability to insulate complex geometries. 

® More economical, since no solvents are used. There is very 
efficient use of coating materials, and processing equipment is 
low in cost. 
Adaptable to automation because few operations are involved; 
there are fast dip cycles and labor requirements are minimal 


of these advantages are outlined in Table I above. 

A wide variety of plastics can be formulated into 
fluidized-bed coating powders. Those of interest to the 
electrical industry, their processing conditions, and the 
average properties of the insulative coatings are listed 
in Table II. 

Because of the high temperatures required to fuse 
and coalesce the insulating powders, many electrical 
components and equipments comprised in part of organi 
materials cannot be suitably insulated by the fluidized 
bed process. Usual application temperatures for thermo- 
plastic powders are in the range of 200 to 300 C, al- 
though some highly plasticized thermoplastics can be 
applied at a temperature as low as 175 C. At these tem- 
peratures, there are few organic insulating materials 
that will not degrade or evolve gases. Evolution of gases 


plastics, varnishes, paints, adhesives, wire enamels or 
other organic insulation not be insulated with thermo. 
plastic powders by the fluidized-bed process unless it 
has been definitely established that the temperatures 
involved will not impair their intended functions. 

Thermosetting coatings, because of their low melt 
viscosity in the uncured state, can be applied at much 
lower temperatures, usually in the range of 150 to 180 C, 
although temperatures as low as 125 C can be used. Most 
organic materials can withstand temperatures in this 
range for several hours without serious degradation. As 
a result, many electrical components comprised in part 
of organic materials can be suitably insulated with ther- 
mosetting plastics by the fluidized-bed process if proper 
application techniques are observed. 

It is difficult to obtain continuous, pinhole-free coat- 
ings less than 4 or 5 mils thick consistently by the fluid- 
ized-bed process. By employing closely controlled proc- 
essing conditions and by using modified procedures, 
obtained good con- 
Fortu- 
nately, most electrical applications demand thick insula 


some operators have consistently 
tinuous films approximately 3 to 4 mils thick. 


tive coatings, usually above 5 mils, for proper protection. 
However, where space and cost of insulating material 
are important considerations, thinner coatings are often 
required. 

Many of the problems commonly associated with the 
introduction of a new process are gradually being over 
come. Processing techniques are being gradually im- 
proved and modifications of the basic process have been 


during the post-heating or curing operation will result 
in rough and discontinuous coatings containing blisters 
and blow-holes. It is often recommended that electrical 
components composed in part of paper, coated fabrics, 


developed which broaden the scope of applications. New 
insulating powders are being gradually introduced to 


meet specific property requirements and to perform 


special tasks. 


Table li —Fluidized-Bed Coating Powders for Electrical Applications 


Thermosetting powders Thermoplastic powders 
Poly Perfluoro 


Condition or property* Epoxy" Viny!" Cellulosic” Nylon ethylene carbons* 


Shelf-life 
Preheat and post-heat temp 
Range, deg C 125-250 190-300 220-335 240-350 240-375 350-400 
Usual, deg C | 225 300 280 290 360 
Post-heating time 
Range—min 
Usual—min 30-45 
Thermal stability, deg C 
Continuous 125-160 60 80 90-120 100-120 200-250 
Short-time (1000 hr) 220 125 135 145 150 250 
Cut-through, deg C very good poor poor poor poor poor 
(cold flow) 150-250 C fair 
Adhesion* fair-excellent poor poor poor-good 
Electrical properties good fair fair | fair 
Chemical resistance 
(solvent, acid, alkalies) good fair-good poor fair good 
Humidity resistance good good poor poor 
Flammability flammable 


3 months-several years indef. indef indef indef indef 


poor good poor 
excellent excellent 
excellent 
excellent 
non-flam. 


excellent 


non-flam flammable flam flam 


Mechanical properties 
Tensile strength @ 25C 
100 C good poor poor fair poor poor 


excellent fair fair good | poor poor 


Flexibility 
Toughness, impact resistance 


poor-good good-exc. fair-good | excellent 
poor-good good-exc. fair-good excellent | 


SSS Sse 


e pore t i . 
Approximate data based on a wide range of formulations ° 1 P operation. Usual post-heat several seconds to several minutes to fow-out 


» Properties vary, depending on flexible grade or plasticizer content 


© Perfluorocarbons include Teflon, Kel-F, 100x FEP Teflor 


excellent excellent 
excellent | excellent 


© substrate. 
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Design Applications 

Applying insulation by the fluidized-bed process is 
ideally suited for a number of applications. Some parts 
can be insulated without design modification and with 
a resulting cost saving and/or quality improvement. 
Coatings applied by the fluidized-bed process can be used 
as ground insulation, layer insulation, wire and bus bar 
insulation, encapsulating resin and bonding varnish. 

Often the insulative coating simultaneously serves a 
combination of functions, including decorative and pro- 
tective, as well as insulative. Although the process is 
now in production for a number of applications, most 
are still in the development stage. As ground insulation, 
the coating becomes an integral part of the structure. 
Typical ground insulation applications are slot and 
end-punching insulation for stators and rotors, I-stack- 
ings for ballasts, C-core and toroidal-core insulatign. for 
transformers. aa 

Many advantages are gained by applying an integral 
insulative magnetic 
equipment can be used for insulating a variety of sizes 
and shapes. A change in design does not present the 
many problems often encountered with ordinary insula- 
tion. Complicated, efficient designs which heretofore 
were impractical or impossible to insulate are often 
handled by this new process. Insulating stators and rotors 
by the fluidized-bed process often results in the following 
additional advantages: 

(1) Savings in weight and space. Since sharp corners of 


coating to structures. The same 


end punchings are coated, the magnet wire may be more 
tightly wrapped and sharper bends of end turns are permis- 
sible. This cannot be tolerated with slot liners and end 
punchings. Often the resulting saving on magnet wire is 


equal to the cost of the insulative powder used in the process. 

The available slot space of a fluidized-bed coated stator 
is more than that of stators insulated with slot liners of 
equivalent thickness, since the coating is in direct contact 


with the stator, whereas the slot liner does not, as a rule, 
conform to the shape of the slot. Some conception of gain 
in slot space of a fluidized-bed insulated rotor wound with 
the same number of turns of wire as that ordinarily used 
with slot liners is shown in Fig. 2. If advantage is taken of 
these features, and the fact that some fluidized-bed coatings 
permit Class B and even Class F operating temperatures, 
a considerable reduction in size and weight of motors can 
be realized 

(2) Improved Properties. An epoxy fluidized-bed coated 
structure is impervious to water, humidity and contaminants. 
Such a coating prevents leakage, a problem often encoun 
tered in a fabricated system composed of slot liners, end 
punchings, shaft insulation, and wedges. Heat transfer is 
improved and the integrally insulated magnetic structure is 
in itself much stronger because of the encapsulating nature 
of the coating. 

(3) Reduces manufacturing problems commonly associ 
ated with slot-liner insulation. There are no wind-downs, 
slipped slot liners, abrasion of the wire by rough punchings, 
and less cut-through. 

(4) Improves bonding of coils to cores. A more solid 
structure is attained by a direct bonding path from wire to 
the integral core insulation, 

Many toroidal cores are now being economically insulated 
on an automatic basis by the fluidized-bed process. Compa- 
nies working with small job lots and with a variety of sizes 
now insulate toroidal cores with costly tapes by hand-wrap- 
ping. Considerable savings, both in labor and materials, may 
be effected with little investment in equipment by employing 
the new insulating process. Since many toroidal cores have 
several windings, each separated by an insulative layer, the 
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Fig. 2—Fluidized-bed insulated rotor showing saving in space 
over that of a standard insulated rotor. 


coating process may be repeated for each winding. This 
results in a lower-cost insulated toroidal core with improved 
properties 


The insulation of large-diameter, high-voltage metal 
conductors is another promising field of application for 
fluidized-bed coatings. Watt-hour metal coils for meters 
which must withstand 10-kv “hipot”, 150 C heat resistance 
and still have good moisture and humidity resistance 
are now being automatically coated (with resulting cost 
reductions) with epoxy powders by this new method. 

Bus bars which must pass 27-kv specifications are 
easily and economically insulated with smooth 40- to 50- 
mil-thick epoxy coatings applied in one dip by the fluid- 
ized-bed process. 

The encapsulation of a wide variety of coils and cores 
and coils for motors and transformers by the fluidized- 
bed process is still another promising field of application. 
The encapsulation of self-supporting (bonded) coils is 
particularly suited to the process. 

Epoxy and cellulosic coated transformer covers and 
cover hardware insulated by the fluidized-bed process 
are now standard features on many distribution trans- 
formers over a wide range of ratings. Lower maintenance 
cost (repainting) is an important feature of this appli- 
cation. Other applications, although now of minor im- 
portance, but which will continue to grow with improved 
materials, processing equipment and engineering “know- 
how”, are encapsulated metal and plastics spool bodies 
and terminal boards, insulative coatings for high-voltage 
transformer cans, end-turn and coil-bonding plastics for 
stator and rotor coils as a replacement for final varnish 
treatment. Still other potential applications which are 
being actively developed are radio-interference shield- 
ing (using specially prepared powder-metal-filled fluid- 
ized-bed powders), magnet-wire coatings for large- 
diameter and rectangular wires, plastics bearings (es- 
pecially for submersible water-pump motors), insulated 
metal grommets, encapsulated core and coil transformers, 
and coated thermal protectors to prevent subsequent 
varnish treatment from entering the sensitive portion of 
the protection. 
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Fig. 3—Fluidized-bed 


processing operations. 





Fig. 4 — Effect of preheat temperature and dipping time on film 
build in coating a steel bar with epoxy resin. (Source: Arm- 
strong Products Company.) 


Mechanics 


Operations normally involved in applying insulation 
by the fluidized-bed process are shown in the flow dia- 
gram in Fig. 3. The preheating and dipping operations 
are essential to the process. The need for phe other 
operations depends on the insulating material and the 
object being insulated. Scale, rust, dirt, oil and all 
volatile matter are removed before the inssative coating 
is applied since their presence will lead to rough, porous 
and non-adherent coatings. Since flexibility and impact 
resistance are markedly improved by good adhesion of 
the coating to its substrate, it is desirable to obtain as 
high a bond strength as possible. When applying thermo- 
plastic powders, a primer coat is essential for good 
adhesion, although this is not required for epoxy powders 
since good adhesion is an inherent property of epoxy 
resins. If the object is comprised entirely of metal, glass 
or ceramic, improved adhesion can be obtained by sand- 
blasting, acid or alkali etch, and by degreasing. The ad- 
hesion to copper is improved by tin-plating or treatment 
with a chromic-acid solution. If the object is comprised 
in part of organic materials, especially those of a porous 
nature, it is best not to employ a cleaning operation 
since they are adversely affected by such treatments. 
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Insulation can be applied to restricted areas either 
by partial immersion of the pre-heated object to the 
desired depth, or by masking that area not to be coated 
with a temporary covering. The type and procedure of 
masking depends on the object to be covered and the 
extent of automation used in carrying out the insulation 
process. Masks may be applied to the surface of the 
object either before or after the preheating operation. 
Commonly used masking materials, which are best ap- 
plied before preheating, are tapes, aluminum foil and 
very thin films of silicone grease applied from a dilute 
chloroform solution. Cold masks which are applied to 
the surface of the preheated object just prior to the dip- 
ping operation are more economical and practical since 
they can not only be reused, but often serve as a hold- 
ing device during the dipping and curing operations. 
Iron, Teflon and silicone rubber are common cold-mask- 
ing materials. There are many techniques and devices 
specially developed for automatic masking and handling 
of preheated objects. Insulating each object presents its 
own masking problem. 

The preheating operation is usually performed in an 
electric oven, although infrared, induction and resistance 
heating have proved feasible, depending on the object 
being coated. In order to apply insulation of proper 
film build, the relationship of film build to preheat tem- 
perature and dipping time should first be established. 
This is best achieved by experimentation. Figure 4 shows 
this relationship for coating a steel bar with epoxy resin. 
As long as gases do not evolve during the postheating 
or curing operation, it is advantageous to use as high a 
preheat temperature as possible to attain better flow-out 
and film continuity. However, excessively high preheat 
temperatures may cause partial volatilization of the 
hardener in some powders and deterioration of physical 
properties of the insulative coating. Better edge coverage 
and control of film deposition is attained at moderate 
preheat temperature with a longer dipping time. 

Blisters and blow-holes may form in the coating dur- 
ing the curing or post-heating operation if all of the 
gases which tend to evolve from the object are not re- 
moved either just before or during the preheating opera- 
tion. Blistering can often be obviated or minimized if 
the object is dried overnight at 130 to 149 C, then pre- 
heated for a short period to above the dipping tempera- 
ture and cured at as low a temperature as possible. 

When first observed, the dipping operation appears to 
be very simple; yet the techniques involved determine 
to a large extent the success or failure of the entire 
insulating process. The dipping operation is performed 
in a fluidizer which is the heart of the processing 
equipment. 

Processing equipment can be very simple or com- 
plicated, depending on the size of the object being 
insulated, the production rate, quality of coating, and 
the degree of automation. Essential equipment includes 
the fluidizer, air compressors and ovens. The importance 
of proper fluidizer design cannot be over-emphasized. 
Good control of dry gas flowing through a suitable por- 
ous plate into a bed of plastic powder under controlled 
vibration is essential for duplication of quality coatings 
on a day-to-day production schedule. A cut-away section 
of an improved, commonly used fluidizer is shown in 
Fig. 5. 

Compressed air is normally wet and should be dried 
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before it enters the fluidizer, since wet air affects the 
fluidizability of the powder and the curing characteristics 
of some thermosetting powders. This is best accomplished 
by compressing the air to a dew point of —15 to —30 
F, or by passing it through a desiccant, using standard 
drying equipment. 

Dust produced in handling the powders and operating 
the fluidizer should be removed by an air exhaust system. 
Automatic conveying systems, cold masking and holding 
devices, and dipping equipment are preferred for large 
production runs. Although this adds to the initial cost 
of the equipment, considerable savings in cost of labor 
are effected. 

The dipping operation should be made as automatic 
as possible. In performing the operation, the preheated 
object, on removal from the oven, is immediately dipped 
in the fluidizer for a predetermined length of time, pre- 
ferably in the center of the bed near the top of the powder 
rather than near the porous plate. Cold masks, if any, 
should be applied in a minimum of time so that little 
heat is lost. If they are to be reused, they should be re- 
moved as soon as possible after the dipping operation. 
The insulated object should then be immediately placed 
in an oven for post-heating or curing. 

Techniques involved depend much on the configura- 
tion of the object and the specifications of film quality. 
Simple objects require only a simple dip for a definite 
period of time. Uniform film thickness is more difficult 
to obtain on objects having complicated geometries and 
large flat areas. For example, the bottom surface of a 
cube, if held at right angles to the direction of gas flow, 
may be only partially coated or contain many pinholes, 
whereas its top flat surface may have an extra-thick 
coating caused by pile-up of powder as the cube is with- 
drawn from the bed. Improved uniformity is obtained 
by rotating the object, or giving it a swirling motion 
while immersed in the bed and inverting the object or 
blowing off excess, unfused powder as the object is re- 
moved from the bed. Extra precaution should be used 


in coating objects with small holes or narrow gaps since 
the powder tends to bridge small openings. Moderate 
to low pre-heat temperatures should be used. Several 
successive rapid in-and-out dips should be given until 
proper film build-up is attained, any powder trapped 
being gently blown out between dips. 


Thermosetting powders invariably require a curing 
operation to obtain optimum physical properties. The 
curing rate varies among different thermosetting powders, 
depending on the reactivity of the curing agents used 
in their composition. Shorter curing schedules are at- 
tained by employing high curing temperatures. The re- 
lationship of curing time to temperature of typical epoxy 
powders is shown in Fig. 6. 

A post-heating operation may not be necessary if the 
object has a high heat capacity and is coated with a 
highly reactive thermosetting powder at a high preheat 
temperature, since curing takes place while the object 
is cooling. For the same reason, objects insulated with 
thermoplastic coatings often do not require a pre-heating 
operation since there is sufficient residual heat stored in 
the object to flow-out the adhering particles completely. 

Unless extra precaution is used, thermoplastic powders 
will partially degrade during their application. Nylon, 
vinyls and the cellulosics are sensitive to both thermal 
and oxidative degradation. When applied at the tem- 
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peratures normally required to perform the dipping and 
post-heating operations, they tend to embrittle and lose 
their good impact resistance and flexibility. Deterioration 
of properties can be minimized by proper formulation, 
by employing an inert gas such as nitrogen both as the 
fluidizing medium and as the atmosphere in the post- 
heating chamber, and by rapid cooling wherever possible 
by immersing in water as soon as proper flow-out is at- 
tained. 

Finishing operations are similar to those used in other 
insulating processes. Patching of defects can be readily 
accomplished by sprinkling powder on the defective areas 
while the object is still hot. Oooo 


Fig. 5 — Fluidizer. Air flowing through flowmeter {c) is con- 
trolled by needlevalve (b). Air enters chamber which has 
removable cartridge of desiccant (d) for removal of moisture. 
It then passes through a distributor plate (a) into a vibrating 
chamber which contains the powder. The vibrating unit is 
driven by an air turbine (e) controlled by a regulating valve 
(f). (Source: Armstrong Products Company.) 


Fig. 6—Effect of temperature on the curing rate of epoxy 
fluidized-bed powders. (Source: Armstrong Products Company.) 
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Permanent magnets may be simu- 
lated by electrical network analogy, 
and magnet performance rapidly 
depicted by circuit manipulation 
and measurement. 


ytical Methods for 
Permanent-Magnet Design—2 


In Part 1 of this article, the physical princi- ROLLIN J. PARKER, Product Engineer 
- Magnetic Materials Section 


: .s Generat Exvecraic Company 
et: >: : 
ples of permanent magnets and design Sion iaton 


methods for simple open-circuit magnets 


were explored. In many magnet structures, Closed-Circuit and Small-Air-Gap Magnets 


the poles are close together and definite air- As the ends of a bar magnet are bent to form a “U” 
or “C” configuration, the simple permeance method of 


gap permeances must be considered. Design analysis is no longer appropriate, since the proximity of 
the poles, and the air gap permeance, will have great 


methods for such magnets are given here, influence on total permeance. The free-pole formula ceases 


including the rapid and versatile technique to give correct values of total permeance, and the addi- 
. : tional influence of a definite air-gap permeance must be 
of representing a magnet ds an electrical considered. In Fig. 14* the geometry is analyzed to find 


network analog. 


* Pigures 1-13 appeared with Part 1 in the September i 
« PP ’ 


Fig. 14—The relationships between major dimensions for a 
“U” magnet which determine whether the closeness of the poles 
and the air-gap permeance lead to the use of the parallel- 
cylinder concept or the “free pole” approach. 
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the relationship between T, W and X when the closeness 
of the poles starts to influence the total permeance, P. 
The permeance for the limb is calculated for various 
values of geometry and plotted in Fig. 14(c) against 
2(W 4- T)/X. For p between the two parallel rectan- 
gular volumes, use is made of the formula for permeance 
between parallel cylinders modified for rectangular sec- 
tion. The permeance is calculated for values of n, which 
in this case is Xx/perimeter = Xxr/2(W 4+4- T). 
Figure 14(c) shows how p varies with magnet con- 
figuration and, at 2(W +- T)/X > 2.5, the permeance 
from the parallel-cylinder formula gives values greater 
than the free-pole formula. At this point the limb con- 
figuration represents higher values of permeance than 
for free-pole radiation from the surface. Thus, for “C” 
and “U” shapes, we have a geometry criterion for using 
the free-pole formula and know when we must modify 
the analysis to include additional permeance. Figure 15 
relates the variables to B/H values, for “U” and “C” 
shapes which meet the above-developed criterion of an 
open-circuited magnet configuration. Figure 16 shows 
how p varies along the magnet limb for various shapes. 
In the case of a “C” magnet with a small gap, we will 
consider three permeance relationships to determine the 
total limb permeance. In Fig. 17, we can assume that 
for at least half of the magnet limb the free-pole formula 
will give accurate values of p. At point A we can use 
the parallel-cylinder formula, Fig. 15, to see whether 
or not the free-pole formula is valid in Zone 2. Starting 
at the terminals of the magnet and using the fringing 
permeance formula, we can explore p adjacent to the 
gap, Fig. 18. As this formula is applied, the value of p 
obtained will diminish rapidly as the distance from the 


L. 


Fig. 16—Variation of unit permeance p along magnet length 
for various shapes: (a) bar magnet, (b) “U" shape, (c) “C” 
shape, (d) “C” magnet with pole blocks. For at least half the 
limb length, p is the same for all shapes; it varies rapidly in 
the vicinity of an air gap. The permeance due to soft-iron pole 
blocks reduces p near the poles. 
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gap is increased and a point will be reached at which 
the values drop to the same as given by either the par- 
allel-cylinder formula or the free-pole formula. By esti- 
mating the unit permeance from both ends, one can, 
with a fair degree of accuracy, plot p vs limb length. 
The gap permeance can be plotted also, and the total 
permeance P, then becomes equal to the total area under 
the unit permeance plot. For convenience in working 
such problems, all unit permeances in the charts of 
Figs. 18, 19 and 20 are with reference to the neutral 
plane, or twice the values computed by the formula from 
limb to limb. 

Referring again to Fig. 17, we could, by a chart sim- 
ilar to Fig. 12 (see Part 1), make a step-by-step compu- 
tation of the “C” magnet for given dimensions and unit 
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Fig. 15—Relation of “U” and “C” magnet 
ratio when 2(W + 7T)/X <= 255. 
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Fig. 17—Determination of total permeance for “C” 
considering separate zones. 
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Fig. 18—Permeance relationship for fringing flux adjacent to 
air gap. 





Fig. 19—The free-pole formula [Eq (3)] as a function of 
magnet-limb geometry. 
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Fig. 20 


Permeance relationships for parallel magnet limbs. 


properties, and B and H for all points of the circuit 
could be obtained as well as its total permeance. Where 
P, is composite limb permeance and P, is effective gap 
permeance, the permeance load line is expressed by B/H 
= (L,,/A,) (KP, + P,). The factor K represents some 
fraction which denotes the effective potential impressed 
across the lumped limb leakage. By zoning the magnet 
structure, the value of K is introduced, since then the 
correct potential F is associated with the correct value 
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of limb leakage. For rough estimates of performance, K 
will be between 0.5 and 0.8 in most magnet structures. 


Effective Air-Gap Permeance; 
Space Fiux Distribution 


The permeance of an air gap in its simplest form is 
P, = A,/L,; that is, gap area/gap length. This expres- 
sion takes no account of fringing flux and yields correct 
values of permeance only when area-to-length ratios are 
very large and all the lines in the gap are parallel. This 
condition is seldom encountered, and even with dimen- 
sions 7 or W five times L,, Fig. 21 (a), effective gap perme- 
ance is of the order of 5 per cent greater than calculated 
by the formula. With high-permeance gaps, the flux can be 
assumed to be uniform in an area (T — L,)(W — L,), 
Fig. 21(a), and we have a basis of correcting the formula 
for permeance. With low gap permeance, finding the 
effective value is difficult since the fringing flux increases 
the effective area and wide variations in flux density are 
encountered. 

In the case of two thin plates, the effective permeance 
between two facing surfaces, Fig. 21(a), can be obtained 
only from a consideration of the lines of flux between 
the plates of a condenser using Maxwell's equations re- 
lating potential and flux. The fringing flux increases the 
effective pole face by a factor h/x where h is one-half 
the gap length. Consequently, if W and T are the dimen- 
sions of gap section A,, the effective permeance becomes 
P, = (W + h/w)(T 4+- h/x)/L,. This expression holds 
until A,/L, values as low as 2 are reached, in which case 
measurements are necessary. If perpendicular surfaces b 
are present, then the whole distribution in the gap is 
changed, and Carter showed that the fringing correction, 
for the case when the perpendicular surface is long rela- 
tive to h, becomes 0.6 h/r, which is a useful limit to 
know. (3)* 

It is also of interest to note the influence of surfaces 
c-c. Figure 21(b) shows the permeance per centimeter 
of width W for three values of H/h plotted against W /h, 
assuming T to be appreciable. Cramp and Calderwood 
computed these data from Maxwell's equations. (5) An 
additional air-gap configuration often encountered is 
shown in Fig. 21(c), which shows two parallel surfaces 
in the same plane. Cramp and Calderwood have by cal 
culation and flux plots presented the data shown in Fig. 
21(d). Again, knowing the limiting values of permeance 
involved is very useful for approximating. 

In many permanent magnets with rectangular pole 
blocks, the flux is brought to the gap by bearing the per- 
manent magnet against either face c or faces b-b. What- 
ever the arrangement, the basic considerations of Fig. 21 
will aid in estimating the effective permeance. From the 
effective permeance data plotted in Figs. 22 and 23, we 
can obtain the total permeance for basic shapes. Gener- 
ally, the corrections for various surfaces will be signifi- 
cant only in extremely low-permeance-gap geometries. 

Figure 24 shows a typical gap geometry and how 
the flux density varies on a contour flux plot. Except 
in very-high-permeance gaps, denoting air-gap density 
means little or nothing without specifying where the 
measurement is to be made and over what area. This 
leads to another variable in magnet design, the neces- 
sity to relate flux density at a particular point in the 


* Italic mumerals in parentheses refer to Cited References. References (1-7) 
appeared with Part 1 in September issue; References (8-1/2) appear at end 
of thie article. 
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air gap to the total gap flux or flux density existing at 
the pole of the magnet assembly. In order to approxi- 
mate the true effective permeance and flux distribution 
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21--The concept of “effective air-gap permeance™ to pro- 
for fringing flux. 


Fig. 23 


Effective air-gap permeance for poles of rectangular 
section. 
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Fig. 25--Relation between pole-flux density B, and air-gap 
density B,, measured at center of gap, for poles of circular 
section. 
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in air gaps where the length is appreciable with respect 
to area, use can be made of the electrostatic analogy and 
the premise that the gap faces form the plates of a con- 
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Fig. 26—Relation between pole-flux density B, and air-gap 


density B,, measured at center of gap, for poles of rectangular 
section. 
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Fig. 27—Variation of field across gap at the pole axis. 


Fig. 29—Variation of field across gap at the edge of similar 
cylindrical poles. 


denser. The expression for capacitance between two par- 
allel plates having area A, and separated by a distance 
L, is: 


A, 
47L (9X10 


) farads (4) 


Therefore, 


when C is in pf. 

Figures 22 and 23 relating true effective permeance 
to gap geometry were obtained by calculation and meas- 
urements in the electrostatic system and checked from 
measured data in the magnetic system. 

In order to obtain useful data relating flux density B, 
in the center of an air gap to the flux density at the pole 
face B,, the ratio B,/B, has been found for the most fre- 
quently encountered gap geometries. 


B, = ¢,/A, = F,P,/A (5)* 


. 


Fig. 28—Variation of field across gap at the edge of semi- 
infinite pole. 





Fig. 30—Variation of field across a plane midway between 
similar semi-infinite poles. 
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Fig. 31 


cylindrical poles. 


Variation or field across a plane midway between 
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F, gap potential 
o. total gap flux 
B, H, (F,/L YF) 


where F, is a complex function of gap spacing and diam- 
eter. B,/B, ratios for disks, spheres and rectangular 
plates (Figs. 25 and 26) of various dimensions have been 
calculated using electrostatic equations and the flux 
density relationship checked at several points by measure- 
ments in the magnetic system. Gap systems in perma- 
nent magnets, for all practical purposes, act like equipo- 
tential systems and one can conveniently measure capaci 
tance and changes in capacitance very accurately with 
bridge systems which give accuracy in the low pf range. 

There is a basic difference between gaps which extend 
semi-infinitely in one direction, such as between parallel 


® Equations (1), (2) and ( 
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cylinders, and gaps in which the same dimension is 
finite, as with spheres. For the cylinder gap, two-dimen- 
sional flux plotting is widely used in air-gap flux distri- 
bution problems. However, for gaps such as those with 
spheres or disks, a plane through the axis of the poles 
is the only plane in which a two-dimensional field exists. 
If any other plane is selected, the field becomes three- 
dimensional and two-dimensional flux plotting is inade- 
quate. 

The data shown in Figs. 27 to 31 show flux distribu- 
tions for gap geometries semi-infinite in one dimension, 
and for finite circular gap geometries. These data were 
taken for electromagnetic studies, but they are just as 
appropriate for permanent-magnet problems. (8) In 
each case the field strength H is expressed as a fraction 
of the mean field strength of the gap H,,, where H,, is 
the gap potential divided by gap length. 


Electrical Analog System 


For design accuracy, a permanent magnet must be 
broken down into zones, dimensions assumed, permeance 
evaluated, and then the assumptions changed to finally 
achieve the desired performance characteristics. In view 
of all the variables involved, it is apparent that the time 


Fig. 32—Electrical circuit analog of magnetic circuit. 


be 


Fig. 33--Various combinations of circuit parameters to rep- 
resent changes in magnet geometry. 
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required to explore all combinations of unit properties 
and magnet geometries would be prohibitive. However, 
with the zone method, accuracy is limited only by the 
correctness of the permeance data and the assumptions 
that our magnet unit properties are represented by the 
B-H demagnetization characteristics. 

For the various permanent-magnet variables, basic elec- 
trical analogies can be developed which can be used in 
problem-solving networks. (9) Referring to Fig. 32(a), 
we will assume for simplicity that the demagnetization 
characteristic is a straight line and that all the perme- 
ance is in the gap region. From basic magnetic circuit 
relationships we find that the unit permeance B,/H, = 
P, = A,/pL,. The equivalent electrical circuit, Fig. 
32(b), consists of a voltage source E, representing the 
coercive force, a resistor R, representing the internal 
permeance of the magnet system, and a load resistor R, 
representing the gap permeance. In the electrical system, 
Jz, the unit current, is analogous to flux density and 
J,/Eq is the unit conductance. Figure 33 shows the elec- 
trical values arranged to represent various magnet geom- 
etries. As the load is varied, representing change in air 
gap, the energy stored in the gap resistor and the inter- 
nal resistor changes and represents the storage and re- 
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Fig. 34—Arrangement of voltage sources and resistors with 
switching by meter relay contacts to permit automatic circuit 
simulation of magnet characteristic curve. 


Fig. 35—The zone method of magnet analysis applied to a 
“C” shape. At left is shown the magnet flux and equipotential 
lines; the right half of the diagram represents the electrical 
network analogy. 
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lease of energy which a stabilized permanent magnet 
undergoes in service. Potential energy exists both in the 
external field and in the magnetic material itself. From 
Thevenin’s theorem in electrical power circuits we know 
that maximum power is transferred to the load resistance 
when R, = R,, and this applies to the analogy of a mag- 
netic circuit being so proportioned with a critical gap 
permeance as to operate the magnet at its maximum 
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Fig. 36—Values of simulating resistances to cover the complete 
range of permanent-magnet B-H characteristics for use in ana- 
log circuits. 
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Design of bar magnet by the zoning method. 


energy point. In effect, we are matching internal and 
external reluctances. It shou!ld be pointed out that, al- 
though the formal analogy exists in the physical sense, 
there are great differences between the magnetic and elec- 
trical circuit. For example, current flows in electrical 
circuits and in magnetic circuits there is no flow of flux 
in the same sense. Furthermore, in the magnetic system, 
reluctance or permeance is not associated with energy 
loss as is the case in the electrical circuit. 

In order to develop an analogy system covering real 
magnet characteristics, two or more resistances and volt- 
ages must usually be combined in order to simulate the 
non-linear demagnetization curves. Figure 34 shows how 
three voltage sources and linear resistances with meter 
relay switches are combined to simulate a typical demag- 
netization curve. R, is tangent at B,, R,, is tangent at M 
(the maximum energy point), and R. is tangent at the 
coercive-force point. In practice, two resistances, R, and 
R., usually give good results. R, represents the reversible 
permeability », of the material which is required for 
setting up dynamic problems, For minor-hysteresis-loop 
operation, E, (Fig. 34) is decreased to make R, coincide 
with the point of minor-ioop origin. 

To illustrate use of the zone method, the network rep- 
resenting a “C”-shaped structure is shown in Fig. 35. 
Permeance for each zone is lumped and represented by 
load resistors R,, R., R, and R,, which represent the 
geometry of each section, and are actually two sets of 
ganged potentiometers in parallel with provision for 
changing the taper of each section. Meters in the circuit, 
representing each zone, monitor the flux density, and 
meter relays serve the switching function for non-linear 
curves. Meter switching allows one to read potential 
drops and leakage flux; transistorized regulated voltage 
supplies with very low internal resistance are used. Seven 


sets of precision potentiometers are used to form various 
combinations to cover any set of permanent-magnet unit 
properties. Permeance values for the gap and leakage 
zones are set on calibrated precision potentiometers. In 
this system, 1 volt 1000 oersteds, | milliampere 
1000 lines of flux, and magnetic permeance and resist- 
ance are related by R 1/P < 1000. Note that in 
Figs. 18, 19, 20 and 23 permeance and equivalent resist- 
ance are both shown. Figure 36 shows the six resistance 
slope lines used to cover the complete range of B-H char 
acteristics in permanent magnets. 

It is possible to represent, with easily changed elec- 
trical quantities, all the variables in a permanent-magnet 
design problem and measure the change in flux density 
or energy at any point. Changes in unit properties and 
geometry can be rapidly effected to explore solutions. 
Length, area and taper of magnet limb can be, in effect, 
tuned to the external load permeance for optimum energy 
transfer. (10) An external power supply is used to sim- 
ulate demagnetization influences and it is interesting to 
note that, once the network representing the magnet and 
its environment are set up, energy flow in the network 
represents direction of field, demagnetization, or mag- 
netization, depending on external-source polarity. 

We now have a system exactly simulating the real 
permanent magnet, correctly integrating potentials and 
associating the correct values of leakage with the effec- 
tive potentials involved. It also correctly integrates total 
energy changes and, as will be shown in one problem, 
allows solution of complex force-distance relationships. 
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Examples of Magnet Design 


To demonstrate the use of permeance data and the 
advantages of the electrical-analog approach, selected 
cases of magnet design are shown in some detail. 


e Example No. 1: Bar Magnet. It is required to find 
the flux density at the end of a bar magnet having alnico 
5 unit properties. The bar is of square section having 0.7 
sq cm area and is 4.75 em in length. Using Fig. 6 (Part 1), 
we find that a magnet of these dimensions has a B/H ratio 
of 20.2 and on the alnico 5 characteristic curve in Fig. 37, 
B,, (magnet flux density at neutral section) is found to be 
10,600. The same procedure as outlined and illustrated in 
Fig. 12 (Part 1) is used. The unit permeance p is found 
and the bar is zoned with zone lengths in the ratio of 3:2:1. 
All values are computed with respect to the neutral plane. 
Actual values are computed and tabulated in Fig. 37, and 
the dotted curve through the centers of the incremental 
values is the true plot of B,, with respect to length. Actual 
measurements at the center of the bar and end were 10,700 
and 3500 lines per sq cm, which checks the analysis closely. 
The end measurement was made about 0.030 in. from the 
end and agrees reasonably well with the mean dotted line. 
The method is general, and any section or change in section 
can be analyzed. 


e@ Example No. 2: Lifting Magnet. In the section on basic 
physics of the permanent magnet it was shown that, when 
a magnet is used to do mechanical work, the magnet and 
its external field act together in the storage and conversion 
of magnetic field energy into mechanical energy. It is pos- 
sible with the data presented in the following, and the analog 
circuit, to rapidly design a magnet having a specified pull 
characteristic. In permanent-magnet work the dynamic work- 
energy problem has represented the most difficult type of 
magnet to predetermine. 

In Fig. 38(a), a tapered “C”-shaped permanent magnet 
and its armature are shown. Figure 38(b) shows the unit 
property curve and the three load lines with the armature 
removed. Their location, of course, can be obtained from a 
step-by-step analysis of flux distribution in the magnet. As 
the armature is attracted by the permanent magnet, work is 
done. At contact (L, 0), the three sections of the magnet 
will recoil along minor hysteresis loops AA’, BB’ and CC’. 
Note that the taper determines the common level of flux, 
and the tip of the magnet goes positive with magnetizing 
potential supplied from Sections A and B, since these sec- 
tions have only partial recoil. The total change in field 
energy E, is a summation of the three magnet volumes and 
their respective changes in B-H units (triangular areas), 
taking into account that for volume C the net contribution 
is the total change less the amount driven positive, or E, 

V (AAO) V_(BBO) + V,[(CC'O) (C’GO) |. 
Since a change in magnetic energy may be expressed in 
terms of ergs (dyne-cm) by dividing B-H units per cubic 
centiaeter by 8x, we may convert our change in total field 
nll directly to dyne-cm of mechanical work (ergs 
E,n). A further conversion to lb-in. can be made, and on 
the basis of such units we may construct the pull charac- 
teristic, Fig. 38(c). Selecting a small change in L, such 
‘ is computed and plotted 
as a block of energy. The average force is readily obtainable 
by the relationship F, E,/L,,. With two or three such 
calculations the force-distance curve is obtained. The con- 
tact force value F 
obtained from the classical relationship F 


as L, 1s the total energy change E, 


is a zero energy point and is readily 
B°A/K. We 
can generalize to the extent that contact pull depends only 
on pole area and recoil density level, but maximum work 
point (greatest force-distance product) is dependent on E,. 
The slope of the curve depends largely on the rate of 
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change of gap permeance with distance; for longer pull 
characteristics, larger pole areas are required. Obviously, 
by spending time, an accurate solution can be derived, and 
a good understanding of the many variables involved in this 
simple lifting-magnet problem is obtained by the step-by- 
step analysis. In Fig. 38(d) the equivalent electrical circuit 
is shown. Once the unit properties and limb permeance 
values are set up, it is necessary only to change R, to simu- 
late the change in L, and the total integrated change is 
measured across the gap resistor. Change in taper, pole area 
and unit properties can all be represented rapidly, and with 
three energy plots the pull curve shape can be determined. 
For mechanical work applications, permanent-magnet ma- 
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The design of a “C-shaped lifting magnet. 
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Fig. 39--Comparison of alnico 5 and directional ferrite for 
dynamic work-magnet applications. 
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Fig. 41—Graphie analysis for permanent-magnet generator 


design. > 
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terials are divided into two categories. In one group, energy 
is primarily stored in the material and is largely recoverable 
as mechanical work as the external load is changed; in 
the other, field energy is primarily stored externally and, 
as the loading is changed, a relatively small proportion is 
available for conversion to mechanical work. Figure 39 
illustrates the basic difference between alnico 5 and direc- 
tional ferrite in dynamic work applications. Area OAB rep- 
resents the total energy change per unit volume of alnico 
5 between closed- and open-circuit conditions, OAC repre- 
senting external field energy and ACB the energy change 
inside the magnet. Area DGEF represents the maximum 
useful energy at a particular point in the dynamic cycle 
Theoretically, this occurs at the maximum work point M, 
Fig. 39(b), corresponding to the largest rectangle which 
can be drawn under the force-distance curve. Alnico 5 stores 
most of its energy externally, and in dynamic applications 
about one-fourth of the total energy is available for conver- 
sion to mechanical work, due to high limb-leakage energy. 
With directional ferrite, area OKH represents the total 
energy change with area OKJ being external field energy 
and area JKH energy stored internally. In this situation, 
the useful energy PLJG is approximately one-half of the 


total available energy and, for efficient utilization, this type 


of magnet characteristic must work into a low-permeance 
load. Maximum work occurs at large air gap, point V. As 
permanent magnets with widely different unit properties 
become available, an understanding of their functional na- 
ture in any particular service is a necessity since, with dis 
similar properties, extrapolation from one design to another 
is useless. 


e Example No. 3: Generator. A generator is required to 
produce 40 watts at 3000 rpm (4 poles). The airgap perme- 
ance is 200, and the magnet is to be stabilized by removal 
and replacement of the armature. The armature reaction 
demagnetization is 30 per cent, and the internal energy 
loss is assumed to be 5 per cent of the external energy 
output. The material selected is alnico 6, and Fig. 40 shows 
the demagnetization curve with recoil permeability jy, 
plotted, and with useful energy contours showing the useful 
energy as a function of operating point. 

The recoil contours are calculated by expressing the slope 
of the leakage permeance line and the recoil line in terms 
of the B-H coordinates. For any point such as E on recoil 
line CL, the useful energy is the product of useful flux and 
available H expressed in terms of the equation of the leak- 
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-« 
Fig. 40—Useful energy contours of alnico 6 


age line and recoil line. The resulting equation expressing 
useful energy is solved by substituting values of H and 
plotting values of energy. The locus of all such points forms 
a closed curve commonly known as a “useful energy con 
tour.” 

Figure 41 shows the generator problem in terms of unit 
property and energy change per cubic centimeter. The 
generator 4pole rotor, when magnetized and subjected to 
the demagnetization of its free poles, is represented by load 
line OC (open-circuit permeance P,). Inserting the rotor 
in the stator causes recoil-loop travel to point D, the inter 


section of P, (useful gap permeance) with the interior loop 


through point C. Short circuiting the machine moves the 
operating point to M, determined by the amount of flux MP 
required to produce generated voltage to push short-circuit 
current through the armature resistance. The location of D 
will, of course, also be « function of generator speed. For 
a finite generator load the magnet will work at a point E on 
the recoil line. By drawing line DN (constant potential line), 
point N is located; then load line MN must represent the 
equivalent load line of the armature after allowing for the 
internal loss in the armature. The magnet flux is now con 
sidered in three parts: EG, the useful flux; CQ, the flux 
used to generate voltage for the armature voltage drop; and 
QJ, the leakage flux. Since the potential drop across the air 
gap associated with EJ is FR, the useful potential is ER 
and the useful energy is represented by area ERGS. As 
point E moves along the recoil loop, it can be shown by a 
consideration of the maximum rectangular area which can 
be drawn in the fixed triangles that the total useful energy 
will be a maximum when ER is one-half of MW, and EG is 
one-half of DN. In terms of generator operation, this has the 
interpretation that maximum useful energy occurs when the 
generator is loaded so that current output is one-half of 
short-circuit current and voltage output is one-half of no- 
load open circuit. 

Since we assumed 5 per cent loss internally, this means 
that, in Fig. 41, GQ is 1/20 of EG, or 1/40 of DN. Also 
since MP is twice GO, MP DN/20 and MW is 19/20 of 


(Continued on page 330) 
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The “Family Tree’ of Computer Design 


The remarkable growth of electronic computing sye 
tems began primarily through government support of 
research and development in the universities. The family 
tree of computer design which forms the frontispiece* 
shows at the roots the contributions of many existing 
technologies to the rapid growth from electromechanical 
to electronic systéms. Among the milestones are: 

@ ensac (Eléctronic Numerical Integrator and Com- 
puter), the first electronic computing machine. 

@ epvac (Electronic Discrete Variable Automatic Com- 
puter;, the first internally-stored-program computing 
m 3; the first acoustic delay-line storage. 

@ mapm (Manchester Automatic Digital Machine), first 
index registers (B-lines); first cathode-ray tube electro- 
static storage. 

@ mrc (Memory Test Computer), first core-storage 
computing machine. 


© Reprinted by permission, Ofbce of Science Information Service, National 
Science Foundation, Washington 25, D. C. (January 1960). 


DicITAL COMPUTING MACHINES have been in existence 
though possibly not in use—as long as humanity. The 
Romans called these earliest machines digits, or fingers; 
these were a little later supplemented by calculi, or pebbles. 
From the early digits, calculi, and the ancient (but still 
widely used) abacus to the most sophisticated electronx 
computing machines, all such devices are counters. Their 
operation is composed of the most simple procedures: 
namely, counting and making the most fundamental logical 
choices of the “true” or “false” type. (1,2,3)* If a modern 
digital computer seems incomprehensibly complicated, this 
is due only to its immense number of basically simple fun 
tional components and its speed. 

The complexity of the computations a machine can be 
designed to perform is limited only by the versatility of the 
program. A digital computer can handle any operation that 
can be expressed as a mathematical equation; it can operate 
in any language that can be coded in mathematical form 
Therefore, the applications of computing machines are 
limited only by our knowledge of mathematics and logic. 

In this article, we shall present the fundamental functional 
components of digital computing machines and explain 
some of the terminology (see also Glossary). Tabulated 
data about the operating characteristics, cost, special re 
quirements, etc., of available digital computing machines 
were obtained by means of an international survey conducted 
by Execrro-Tecuno.ocy. This tabulation has proved to be 
quite a task, because the number of available machines has 
increased tremendously in the past five years. One of the 
difhculties was the classification of data (so generously sup 
plied by all manufacturers), because of the tremendous 
range in size, cost, and applications of the machines. 

Digital computing machines have been classified in a num- 
ber of (more or less meaningful) ways. The most common 
classification is into general-purpose and special-purpose 
machines, the latter with a limited number and variety of 
built-in criteria and available instructions, tailored to a 
specific use. 

Classification by size and capacity into large, medium 
sized, and small systems is so vague that we have not used 
it. Storage capacity is invalid as a criterion since a medium 
sized computing machine could by addition of some per- 
ipheral equipment become large. If price is a criterion, the 
range is so wide that the price of a medium-sized system 
(including all peripheral equipment) could very well exceed 
that of a “large” machine 

There is no really satisfactory method of classification, and 
there are no hard and fast rules to guide the potential user 
of computing machines. What the best computing machine 
for each user would be depends entirely upon the specific 
application, the uses a system could have in addition to its 
primary application, and economic aspects. All these are 
individual considerations for which there is no criterion other 
than an understanding of the basic principles of computing 
machines and a study of the specific characteristics of dif- 
ferent models, as well as a clear knowledge of the jobs a 
machine would be expected to perform. (4) 

One classification frequently heard—into data-processing 
and control (or similar descriptive words) machines—is de- 
void of any meaning at all. Every digital computer is a data 
processing machine (in the sense that it processes data), 
and it is also simultaneously a control machine (in the 
sense that a control unit, which is an inherent functional 
component of each machine, determines the processing). 
Whenever this classification is used it is presumably meant 
to indicate the primary use of the machine. But this is a 
fallacious indication. And it is this sort of thinking which 
leads to the deplorable waste of existing and installed com- 
puting machines operating at only a fraction of their ca- 
pacities. The design engineer would do well if he looked 


* Italic numerals in parentheses refer to the Cited References at end of article. 
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around his own organization for available machine time. Is 
there a “data-processing” machine around that is idle be- 
tween payroll computations and market analysis? It may be 
the very best machine to solve his design problems or to 
make the configurations for control tapes. 


Functional Components 


The principal functional components, Fig. 1, of a digital 
computer are: the control unit, the arithmetic unit (some- 
times called the accumulator), the storage unit, the input 
unit, and the output unit. A computing machine may consist 
of one or more of each of these units. General-purpose com- 
puting machines are usually designed in a way that is con 
ducive to expansion by adding functional units. 

To put it in the most general terms, the computing ma- 
chine operates as follows: information is put into the machine 
through the input unit and placed in the storage device. 
The control unit serves as a regulator to bring instructions 
and data up in a predetermined order so that computations 
can be carried out in the arithmetic unit from whence 
again under the influence of the control unit—they emerge 
through the output unit. Instructions and data are coded. 
The rules of procedure are called the program. 


The Control Unit 


The function of the control unit consists of the decoding 
and circulation of instructions. The control system varies 
with different machines. One type involves a cathode-ray tube 
and a set of switching devices called staticisors which are 
controlled by the current instruction code on the cathode- 
ray tube and, in turn, operate the staticisors which control 
the gate circuits (also switching devices) that comprise the 
arithmetic unit. All operations are controlled by electrical 
pulse trains circulating in the machine which are the dynamic 
(coded) representations of data and instructions, in con- 
trast to the static (coded) representation, such as the per- 
forations on tape or on cards, or the magnetic charges on 
magnetic tape. The characteristic operations of the control 
system are: (1) “reading” the number of the instruction in 
the control tube, adding 1 to the number to bring up the 
next instruction in the series (program) and thereby setting 
up the staticisor to select the next instruction; (2) copying 
the instruction into the present instruction line; (3) “re- 
reading” the information, setting up the staticisor to per- 
form arithmetic operations, and choosing the data to be 
operated on; and (4) performing the appropriate operation 
as per instruction. | Note: the basic operation of circuits 
used to translate the two-valued Boolean algebra used for all 
logic and arithmetic operations has been discussed in pre- 
vious articles—see Cited References (]-4).] 


The Arithmetic Unit 


A digital computing machine is capable of performing 
no mathematics more complicated than addition—and addi- 
tion on the most primitive level at that, namely, addition of 
1 + 1. The power of its logic is contained in its ability to 
compare and select—in other words, to choose between 
“ves” and “no”. However, there is virtually no mathematics 
that cannot be reduced to the operation of addition, and no 
logic that requires any other skill. Subtraction is simply 
the addition of negative numbers, multiplication the repeated 
addition of numbers. Division is the inverse of multiplica- 
tion, with some logic decisions. 

A typical adder uses basic components, such as AND gates 
(output fires if, and only if, all inputs fire), on gates (output 
fires if either of the inputs, or both, fire), and Not gates 
(or inverters). As all numbers are added one at a time, the 
carry operation is essential. The rules for addition are es- 
sentially a truth table (see example illustrated herewith). 
The suffixes on x and y refer to the nth bit in the serial pulse 
train, C,, is the bit carried over from the (n—1)th position, 
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Fig. 1—Basic functional components of a digital computing 
machine. 


(x + y), is the output of the nth addition, and C,, , 
bit to be carried to the next position. 


, is the 


The Storage Unit 


There are many different storage devices in use. The 
staticisor, mentioned above, consists of several either-or flip- 
flops which can be switched from one state to the other. 
This method requires hundreds of thousands of components 
and is therefore extravagant both in space and money. 

A delay-line system depends upon setting up a reverbera- 
tory circuit in a set of mercury-filled tubes. The reverberating 
pulses circulate until needed, at which time they are ex- 
tracted by signals from the control system. This type of 
system was used in some of the early experimental machines 
but never found wide application. Recently, the Epsac com- 
puting machine at Cambridge (England) has been con- 
structed with an ultrasonic delay unit containing 5-ft steel 
tubes filled with mercury, with quartz crystal transducers at 
both ends. The pulses, which stand for bits to be stored, are 
converted into high-frequency sound waves. This sort of 
storage system is also called a functional memory. 

The electrostatic storage system uses a cathode-ray tube. 
A beam of electrons that has been through a linear accelera- 
tor results in a “spot” of positive charge at the point of 
bombardment. Perpetual scanning is required to regenerate 
signals. This sort of storage method is sometimes called an 
anatomical memory. 

The magnetic drum is widely used as a storage device. 
It has the advantage of great storage capacity and of per- 
manence, since it retains stored information just like the 
magnetic tape used in tape recorders. Write heads record 
the necessary stimuli electromechanically on specific drum 


Rules for Addition 


x“ 
2 


Ya 


2 


~-— o-oo 
“ee Ow Ooo q 
-—ocorKK 





locations as they pass (the drums rotate at high speed) and 
read heads can take off the information whenever the specifi 
location passes. Reading does not erase the contents of any 
storage location (sometimes called address), but only writing 
of new information can erase previously stored information. 

Apart from magnetic tape, perforated tape and punched 
cards are used as storage devices which have proved par- 
ticularly suitable for the storage of repeatedly used programs 
and subroutines. Because a tape has to be run through the 
computer until the desired storage location is reached, it is 
not suitable for any applications where quick access to 
specific information stored at a specific location is required. 
The case where all sorts of tapes have been invaluable is in 
the storage of an entire program, or subroutine, that may be 
repeated in its entirety, and that can be duplicated easily 
and inexpensively. Punched cards, on the other hand, are 
most useful for the storage of data to be operated upon 
because changes and corrections may be made easily and 
without danger of disturbing stored information that does not 
require alteration. 

The ferrite-core storage system has proved advantageous 
in many ways. It is relatively inexpensive, it has fast access 
time, and it contains a great deal of easily accessible infor 
mation in relatively little space. This storage device consists 
of tiny toroidal cores of ferrite with a rectangular magnetic 
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Glossary 


Absolute address see Absolute storage Check 


location. either programmed 
tically in the computing machine 


Absolute storage location — a storage loc- 
ation designated in machine language Clock pulses 
Access time — the time required to locate 
data or instructions in the storage location 
and to transfer data or instructions to the 
arithmetic unit where data are operated 
upon; the time required to transfer data 


Clock rate 
the characters of 


that have been operated upon from the from one internal 
another. The clock 
cycles per second 


arithmetic unit to the storage location 


Accumulator — a device which stores the 


instruction used to 
the main program 


the process of testing which is 
performed automa 


the rate at which a word, or 
word, are transferred 
machine element to 
rate is expressed in 


hysteresis loop. Inherently stable, each core stores one bit, 
expressed by the direction of magnetization, thus represent- 
ing “O” or “1.” The cores are threaded on the wires used to 
energize them and are arranged in square arrays. In many 
computing machines (for example, the Ferranti Mercury and 
the Remington-Rand univac) each core array consists of 
32 rows and 32 columns mounted in four groups of ten 
arrays. Each computing machine word is composed of ten 
binary bits, and these bits are stored in corresponding posi- 
tions in the ten arrays of one group. This type of storage 
unit can contain 4096 ten-bit words. One of the important 
features of this type of device is the fact that information 
is stored in parallel, so that the ten binary bits composing 
a word can be extracted simultaneously, thus considerably 
reducing the access time. 

Another storage device currently in use is in the form of 
disks, essentially arranged like a group of phonograph 
records in a juke box. Numerous other storage devices in 
use or in the development stage are very promising as far 
as capacity and further reduction of access time is con 
cerned. It is important to know that there is no single 
criterion by which one can judge any particular method or 
type of device as “best.” Nevertheless, the characteristics 
of the storage facilities determine to a great extent the suita- 
bility of a computing machine for its applications 


designed to locate a malfunction in the 
machine 


Digital computing machine (digital com 
puter) a computing machine in which 
numbers, represented by electrical pulses, 
are used to process data 


a series of pulses produced 
by a generator system at a uniform re- 
petition rate to provide a time pulse train 
for the purpose of synchronization 


Double-precision § arithmetic — arithmetic 
needed to obtain more accuracy than a 
single storage word will provide and where 
two computer words are used to represent 
one number 


Eccles-Jordan flip-flop (sce also Flip-flop) 
named for W. H. Eccles and F. W. Jor 
dan, the originators of the bistable flip-flop 
circuit 


parallel-operation 


results of arithmetic operations during com- 
putation. 


Address—see Storage location. 


Algorithm — an iterative procedure com- 
pleted in a finite number of steps for the 
purpose of finding a solution to a given 
problem. 


Alpha-numeric code — a code used to ex- 
press the letters of the alphabet numerically 


Arithmetic unit — functional component 
of a computing machine for the perform- 
ance of all arithmetic operations including 
logic decisions. Adders, accumulators, etc 
are included in the arithmetic unit 


Assemble — to integrate sub-routines and 
routines into the main program 


Assembly program — a program flexible 
enough to incorporate sub-routines into the 
main program. 


Binary bit — 0 or 1, the figures used to 
compose numbers in the binary system 
of number representation. 


Binary scale (numbering system) — a num- 
bering system with a radix (base) of 2. 


Block — a group of words considered as 
a unit. 


Boolean algebra an algebraic system of 
rules governing the operation of classes 
(sets) 
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machines, words; in serial-operation ma- 
chines, bits) 


Code a system of symbols and rules 
for the purpose of representing information 
in a language suitable for machine opera- 
tion 
Command see Order. 

Compiler system a system composed of 
compilers and translators used to translate 
instructions into machine language, to 
transfer pseudo-orders into real-machine 
orders, and to assemble various sub-routines 
into the main program 


Computer — one who computes 


Computing machine a device designed 


to perform calculations 


Control unit functional component of 
a computing machine designed to control 
all information transfers and arithmetic 
operations; the sequence of operations; ini 
tiates the proper orders to the computing 
machine circuits after an instruction 1s 
decoded 


Decimal numbering system a numbering 
system based upon the radix 10 raised to 
various powers 


Decimal digit the figures from 0 to 9 
that compose the numbers in the decimal 
system of numbering 


Diagnostic check a checking routine 


Fixed-point arithmetic a system wherein 
the location or symbol that separates the 
integral and fractional parts of a number 
remains fixed in relation to one end of 
the numerical expression 


Flip-flop a bistable circuit that can be 
changed from one stable state to another 
by means of a signal pulse 


Floating-point arithmetic a system in 
which the location or symbol that separ 
ates the integral and fractional parts of a 
number is regularly recalculated 


Function digit a coded instruction used 
to set a branch order to link sub-routines 
into the main program 


Gate a circuit in which signals applied 
to one input provide an output only im 
specific circumstances; for example in the 


AND-gate an output occurs if, and 
only if, all inputs fire. This is equivalent 
to the logical operation of conjunction 
(mathematical intersection) 


OR-gate an output occurs if either 
one or the other or both inputs fire. This 
is equivalent to the logical operation of 
disjunction (mathematical union) 


NOT-gate an inhibitory circuit. This is 
equivalent to the logical operation of 
negation (mathematical complement) 


Heuristic 


serving to discover. 
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Input and Output Units 


Electric typewriters—used to prepare perforated paper 


tapes 


are among the most widely used input units for 


small-sized computing machines. Punched tape is convenient 
for the input of previously prepared data, instructions, auto- 
matic coding routines, and subroutines; but the mechanical 


preparation of the tape is slow (10 


standards. 


characters per sec 
maximum speed) and the photoelectric reading speed of 
about 500 characters per sec is not fast by computing-machine 


Magnetic tapes can be prepared and used faster, but are 
more expensive and not as permanent as perforations. How- 
ever, for the input of large blocks of information, their speed 
is an essential feature. Punched cards are important for input 
and output in engineering and scientific applications where 
the ease of rearranging information is important. Their 
reading speed is about 600 characters per sec. They are 
particularly suitable for the input and output of data in 
testing and design applications, where the instructions are 
carried on magnetic tape. Line-printers are essentially very 
fast and efficient typewriters which can turn out 100-char- 
acter-per-line information at the rate of 25 lines (or 2500 
characters) per sec. [Description of various special devices, 


(Continued on next page) 


Instruction a word, or part of a word, 
of the program that designates an operation 


Interpretive routine a routine designed 
to transfer cach pseudo code and, using 
function digits, to set a branch order to 
link the appropriate sub-routine into the 
main program 


Iterative routine a routine composed of 
repetitive computations where the output 
of every step becomes the input of every 
succeeding step 


Input transfer of information into the 
computing machine 


Instruction code artificial language to 
express, or describe, the instructions which 
can be carried out by the machine 


Logic a logic function involves reasoning 
and decision making. (Note that a logic 
function can result in illogical action if the 
input was incorrect, or if the inferences 
were made illogically.) 


Logical — a logical action results if the 
correct inductive and/or deductive infer 
ences have been made. (Note that an action 
can be logical without being sensible; ic 
if the correct inferences have been made 
from incorrect premises.) 


Machine language a set of symbols, 
characters, or signs, and the rules for com- 
bining them which convey instructions or 
data to a computing machine 


Memory see Storage location. 


Mnemonic easy to remember. 


Multivibrator an RC oscillator using 
two tubes, or two transistors, which operate 
alternately at conduction and saturation, 
thereby producing a continuous signal. 


Object program a program that has 
been automatically translated into machine 
language from the source program. 


On-line operation 
tion. 


see Real-time opera- 


Operation an action automatically per- 
formed by the computing machine accord- 
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Fig. 2 


ing to the instruction that calls for it. 


Optimization — the continual adjustment 
of a process to the best possible operating 
conditions. 


Order a group of signals, or pulses, initi- 
ating one step in the execution of a pro- 
gram 


Output the processed data emerging 
from the computing machine 


Overflow an excess result from an oper- 
ation that is greater than the capacity of a 
storage location. 


Parallel operation information transfer 
within a machine whereby a complete 
word is handled simultaneously, each bit 
having its separate facility 


Peripheral equipment units working in 
conjunction with the central computing 
machine, but which are not part of the 
machine itself; for example, tape readers, 
line printers, etc 


Program a set of rules for a computing 
machine to perform a series of operations 


Pseudo code — an instruction that cannot 
be followed directly by the machine, but 
that is intended to serve as a signal to 
initiate the linking of a required sub- 
routine into the main program. 


Radix the base of a numbering system. 


Random access — access to all storage 
locations independent of the location of 
the preceding storage reference. 


Read — to obtain information, usually 
from some sort of storage. 


Real-time operation operation where in- 
put data are fed directly from ~- measuring 
devices into the computing machine. Re- 
sults are obtained in real time; in other 
words, computations are based upon cur- 
rent values of the operating data and 
answers are obtained in time to allow effec- 
tive control action. 


Relaxation oscillator - 
the multivibrator type. 


an RC oscillator of 


Repetition rote 


Rectangular pulses: (a) 
serial pulse train, (c) negative serial pulse train. 


Duration | 
(pulse width) 


Peak voltage 


_ Average 
power 


single pulse, (b) »sitive 
£ I pe 


Routine — a set of instructions arranged 
in the sequence appropriate to the operation 
or series of operations 


Serial operation — information transfer 
within a machine whereby each bit of a 
word is handled sequentially. 


Single-address code — an instruction con- 
taining the location of data and the opera- 
tion, or sequence of operations, to be per- 
formed on these data. 


Source program — a program that can be 
translaied automatically into machine lan- 
guage, thereby becoming an object program. 


Staticisor — 


Stochastic the characteristic of events 
changing the probabilities of various respon- 
ses. 


a bistable switching device. 


Storage — the equipment that holds in- 
formation in machine language. 


Storage capacity — the number of data that 
can be retained in the storage at any time. 
Often expressed in the number of words, 
but sometimes expressed in the number of 
bits. 


Storage location — a specific location in 
the storage unit that holds information in 
machine language. 


Storage unit, or storage device — general 
term for the equipment that holds inform- 
ation coded in machine language. 


Truth table — a table showing the Boolean 
algebra relationship of variables. 


Vocabulary — the number of operating 
codes, or instructions, available in a speci- 
fic machine. 


Word — a group of characters occupying 
one storage location and treated and trans- 
ported as one unit of information, or as 
an entity. A word is used in the control 
unit as an instruction, in the arithmetic 
unit as a quantity. 


Write — to introduce information into the 
computing machine, usually into some sort 
of storage device 
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such as thermal printers, magnetic printers, display tubes, 
and many others, is clearly beyond the scope of this article. ] 


Computer Operation 


To assure reliability, most of the computer circuits are 
designed to have stable states which are changed only by 
the application of pulse signals or voltage changes with a 
sharp rise time. Such pulses, either negative or positive, are 
used for gating and for the representation of binary bits. 
Rectangular pulses are particularly important in computing 
machines. Such pulses start at a zero amplitude and have a 
sharp rise time, a flat peak for a measurable duration, and 
a sharp drop-off to zero. The duration of the pulse, the rise 
time of the leading edge, and the decline time of the trailing 
edge [shown in Fig. 2(a)] are of the utmost importance. In 
digital applications, pulses may occur singly, in groups, or 
in a long sequence called a serial train (a group of pulses 
arriving one at a time). Groups of pulses, each of which is 
applied simultaneously with the others to a separate trans- 
mission path to the circuits involved, are called parallel. 
The polarity of the pulses may be positive or negative, de- 
pending upon the application, as shown in Fig. 2(b) and (c). 

Square waves (Fig. 3), also frequently used, have both 
positive and negative amplitudes occurring above and below 
a zero-reference level, with a sharp rise and decline time 
similar to the leading and trailing edges of rectangular 
pulses. Thus, a square wave consists of a joined positive and 
negative pulse, whereas a rectangular pulse is a single pulse 


Fig. 3—Square wave. 


that may be followed by others at fixed or random intervals 
The duration of a pulse is called the pulse width, and the 
rate at which pulses occur is called the repetition rate. [It 
would be beyond the scope of this article to discuss other 
possible waveforms or the distortion and diminishing of 
pulses. It is important to know that computing machine cir- 
cuitry must be so designed that distortion and losses are 
virtually eliminated and that pulses are reshaped and kept 
at a constant level.] 

Basic Circuits. The most important requirement for 
a computing machine circuit is that it have bistable char- 
acteristics. Because the transistor is small and because no 
power needs to be wasted in maintaining a filament at a 
high temperature (which, in turn, reduces the need for 
cooling), transistor circuits are eminently suitable for digi 
tal computing machines. The most commonly used circuit 
is the Eccles-Jordan flip-flop. (1) 

To generate pulses within the computing machine, oscilla- 
tors are required. Square waves are usually produced by 
generators composed of resistance-capacitance (RC) circuits 
which interchange signals between two circuits of the 
oscillator. An RC circuit widely used is called the relaxation 
oscillator, or multivibrator. 

Series of pulses produced by generator systems at a 
uniform repetition rate (called clock pulses because they are 
essentially “clocked” or controlled to provide a timed pulse 
train) are of great importance for the synchronization of 
pulses. There are inherent differences in computing-machine 
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operation contingent upon the electrical effects, which fall 
into two broad categories: steady-state and transient or 
pulse. With the steady-state philosophy of operation, a 
“true” proposition can be represented by one voltage value 
and a “false” proposition by another. The values are initially 
generated by steady-state devices (such as flip-flop) applied 
at the input of a logic circuit and the output is stored by 
steady-state devices. The clock interval must be a full cycle, 
so that the same recurring value can initiate consecutive 
events. There is a time in each interval when the clock value 
is true and when the ANp output affected by the clock pulse 
depends upon the other inputs. This is, of course, the deci- 
sion time. When the clock value is false, it inhibits all 
decisions. 

The pulse philosophy of operation is applied with many 
storage devices, such as magnetic particles, cores, delay 
lines, and electrostatic surfaces which operate in a transient 
manner.* The output from an aANp gate, for example, is 
controlled precisely by the clock which in effect squares the 
pulse and controls the duration accurately. This action is 
appropriately called “reshaping”. 

Clipping circuits are used to clip and hold pulses at a 
constant level, clip noise from the peaks of pulse signals, 
and clip sine waves to form square waves. Cathode-follower 
circuits are used to step down a high impedance to a low 
impedance. Delay lines are used extensively for the purpose 
of delaying a pulse, or a series of pulses, for a pre-deter- 
mined time interval. Buffers are used to isolate the output 
of a flip-flop from other circuits if the flip-flop is loaded 
down so extensively (by having various circuits connected 
to its output) that reliability might be impaired 


Arithmetic Operations. Al! arithmetic operations 
in a digital computing machine must be reduced to simple 
additions in binary code. Binary addition does not differ 
from decimal addition. For example, the binary number 10 
(decimal number 2) can be added to the binary number 
101 (decimal 5) to give as sum the binary number 111 
(decimal 7). Carry operations are carried out as explained 
above. 


An important feature for scientific and engineering ap- 
plications is the floating-point operation. This method consists 
of expressing large numbers as a number having a value of 
less than ten, and then automatically multiplying that num 


ber by a power of 10 as many times as is necessary for proper 


location of the decimal point. Negative exponents permit 
writing large fractional numbers. In programming a com 
puting machine, the floating-point feature makes it possible 
to ignore the consideration that every number occurring dur 
ing the course of the calculation lies within certain limits 
set by the design of the machine. In fixed-point machines 
the number must not be too large lest the most-significant 
digits be lost in “overflow”, nor must it be too small lest 
precision be reduced by the loss of the least-significant digits 
These considerations involve the scaling of all data to be 
used in calculations and of final results. These limitations 
do not apply with floating-point operation. The range of 
numbers that can be accommodated is, in practice, un 
limited. In some of the most modern machines automati 
floating-point representation has been provided without undue 
sacrifice in speed. 


Communicating with Machines 


To control a machine, communication with the machine 
must be established and maintained. For digital computing 
machines, all such communication must be expressed math 
ematically and coded in a manner suitable for bistable 
switching devices. 

The important problems that the user, as well as the de 
signer of computing machines, must be aware of are the 
* Note that, although the reading and writing >f @ bit are performed with a pulee 


{ voltage or current (as opposed to a steady value), storage an be made 
permanent 
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need for clarity and criteria in transmitting messages to 
machines. Many codes are being developed to make this job 
almost automatic, se that problems can be written in lan- 
guages that may be automatically translated into machine 
language. One of these languages, rorTRAN, developed by 
IBM, is particularly suitable for engineering and scientiix 
applications and can be used with very little specialized 
training and knowledge of computing machines. 


Composition of Computer Words 


Storage units are usually subdivided into compartments 
containing from 5 to 50 bits each, called “words”. The 
desired precision determines the number of bits that make 
up each word. How great the required precision is depends 
upon the intended use of the computing machine and must 
be determined by the designer. Once the number of bits in 
a word is fixed, the range of numbers represented by the 
machine must be determined. For example, if a precision 
of 40 binary bits is required, the numbers may be con- 


sidered as being in the range of 2* to 2°, 2° to 2", or 
2-*° to 2°. etc. 

The fixed word length creates the problem of overflow 
mentioned above. For example, in a machine with a capacity 
of five decimal digits per word, the sum of 53,156 and 91,741 
would be 44,897 rather than 144,897, 


since there would be no place to store the “ 


or less than either 
1”. In machines 
without floating-point operation it is important to organize 
calculations so that overflow does not occur or that such 
sums are detected if they do occur. Many machines have a 
special warning facility to signal overflow. 


Error Correction 


The basic principle underlying error correction is error 
detection, A large machine may have 140,000 cores in the 
internal storage plus some 20,000 diodes, transistors, re- 
assembled with something like 100.000 
all potential sources of faulty operation. There 
are three major classifications of potential failure: namely, 


sistors, capac itors, etc 


connections 


(1) complete failure of a component 


transistor); (2 


(burning up of a 
) a borderline condition wherein a part is 
altered to such an extent that its proper operation is 
doubtful; and (3) intermittency, wherein, for example, a 
slight vibration might temporarily disrupt a poor electrical 
connection. 

Complete breakdown is easily detected. Faults resulting 
in incorrect computations can be far more serious and more 
diffeult to detect 
has made great efforts to assure error-free operation and 
devised many different methods to detect 


correct 


Every computing machine manufacturer 


and automatically 
errors. 

Widely used are special codes containing a surplus, or 
redundancy of binary bits in each group. The simplest of 
the error-detecting codes appends to each group one extra 
bit, called a parity-check bit. When the group contains an 
odd number of 1's, the redundant bit will be 0; when the 
group contains an even number of I's, the redundant bit 
will be 1. Thus, the total count of 1’s in each group will 
always be odd. (Alternatively, a code can be so arranged 
that it is always even.) The parity-check bit is valuable 
in finding single errors which might occur in the transmis 
sion between the various units of the machine since any 
single error would destroy the parity. If parity is destroyed, 
the machine might alert the operator by activating an error 
signal. or it might be designed to retransmit the imperfect 
group in the hope that the error will not be repeated. 

The more redundant digits there are in a code. the more 
precise is the information obtained about error and the 
greater possibility of exact error location and correction. 

Debugging. A computing machine is so complex that 
it is highly improbable for a machine to be assembled with 
out any error or faulty parts. For this reason, the initial 
checking and testing procedure, called the “debugging” 
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operation, is quite involved and special tracing programs 
are designed to test the machine under rigorous operating 
conditions. 

Preventive Maintenance. On the job, preventive 
maintenance usually includes marginal checking designed 
t9 create conditions which will disclose weakness of com- 
ponents unsuspected of impending trouble, so that they can 
be replaced before machine operation is disturbed. 


Choice of Available Machines 


The tabulated data which follows (provided by the man- 
ufacturers of computing machines) present the reader with 
a difficult choice of the most suitable computer for his par- 
ticular application, considering not only the features of each 
machine but also the cost, rental and service charges. Com- 
petition among computing machine manufacturers has re- 
sulted in the availability of many excellent machines. 
Intelligent choice can be exercised only when the potential 
user understands the problems he wishes to solve, (4) and 
the importance of machine features. Speed and capacity are 
important, but adding speed, in most engineering applica- 
tions, is insignificant, whereas multiplication speed, over- 
flow warning and/or floating-point operation may be essential. 

One last word about the range of cost of computing ma- 
chines. This is, of course, tremendous—from desk calculators 
at below $10,000 (for example, Monroe’s Monrobot IX) 
to the latest IBM model, the stretcu, which will cost more 
than $10,000,000. Machines may be bought outright or 


leased. Service may be contracted for with the manufacturer, 
or the user can have his own technicians, usually trained by 
the manufacturer, maintain machines. Lately, computing 
centers have been established in most major cities where 
computing probems may be taken or machine-time rented 
on an hourly basis. This service is particularly helpful 
where large-scale machines are required for the prepara- 
tion of input tapes, although the particular problems can 
well be solved on smaller-scale machines. In such a case, 
the design engineer might investigate the possibility of rent- 
ing computer time (possibly even within his own organiza- 
tion). Many engineering applications which do not warrant 
the purchase or lease of a large-scale computer would bene- 
fit greatly by the availability of such equipment for certain 
problems. Ooo 
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Digital 


[1. Manufacturer 


2. 


3. 


Machine name 


Machines in use 
On order 
In production 
When available 
In research 


4. Application: Scientific 
Design enginecring 
Business 
Contre! 


Numerical code 
Charac. /mach. word 
Bits /mach. word 


6. Storage, Main 
Registers 
Characters 
Access time—min. 
Access time—max. 
Rapid access’ Registers 
Characters 
Access time 
Access time— 
Other 
Registers 
Characters 
Access time 
Access time 


min 
max. 


7. Arithmetic: Fitg. pt.? 

Addition— Fixed 
Floating 

Multiplication — Fixed 
Floating 

Division— Fixed 
Floating 

Remarks 


8. Input-output equipment 


Mach. wds /sec. 
Calculation during I/O 


9. Programming: Code 


Types of instructions 
Routines available 


18. Reliability: Auto. check 


Typical down-time 


11. Use with other systems 


12. Peripheral equip. rqd. 
Optional 
Expansion potential 


13. 


Transistorized? 


14, Services to user 
Training 
Maintenance 


15. Power supply 


16. Environment req: Space 
Air conditioning 
Special flooring 

17. Cost: Purchase price 
Monthly rental 


Computing Machine Survey 


Autonetics Ind. Prod. 
Div. North American Av. 
Los Angeles, Calif 


Recomp II 
NR 


NR 
NR 


yes 

yes 

no 
process 


binary 
11% (approx 
3.4 (approx 


magnetic disk storage 
4096 (words 


540 usec 
17,600 usec 
16 (of main storage 


540 usec 
1.350 psec 


built-in 

$40 usec (excl. access 
1350 

1080 

1240 

1130 

1270 

sq. rt: Fx-1130, F1.1160 


photoelectric tape reader 


typewriter 
console keyboard 


paper tape punch 
console visual read-out 


44wds ‘sec (1); 3 wds sec (O) 
no 


single-address, symb. assembly 


72 
200 


output check 


NR 


NR 


none 
up to 10-channel reader 


programming, maintenance 
with lease 


std 115 volts 
45 sq. ft 
not req. 
no special fil. req 


(ine. work areca 


$95 000 
$3,000 


The Bendix Corporation 
Computer Division 


Los Angeles, Calif 


Bendix G-15 


325 
yes 
2-3 months from order 


binary -decimal 
7 plus sign 
4 


magnetic drum 


2160 
15,120 
270 pecc 
14,500 wecc 
16 
112 


270 pee 


words 


ave 
words 


540 wecx ave 
magnetic tape 
300,000 (words 


NR 


programmable 


$40 (SP), 810 (DP 


2430-16,700 (SP 

2430-33,100 (DP 

same as multiplication 
time range: single dec 
dig. precision & max 


punched tape (1 O 
magnetic tape (1 /O 
reached cards (1/0 
siphenumeric typewtr (1/O 
graph plotter (O 


3,723 words ‘sex 
yes 


interpretive, algebraic compiler 


70 


none 


less than 5‘ 
interconnection, on-line 


none 
yes 
yes, 2 or more G-15 


no 


prog., operating, maint. 
with lease 


3.8 kva 


61% aq ft 
not req. 
not req. 


$49,000 (min 
$1,485 (min 


Bendix G-20 


NR 
yes 
early 1961 


alphanumeric 
8 & sign 
4 nummer 


fixed 


6 & 8 exp 
8 alphanumer 


magn. core-random access 
4,.000-32,000 (words 
32,000-256,000 

5.6 wece 

8.4 
all rapid access 


peer 


& magnetic storage 
cores may be used 
in one system 


built-in 
ext. pre- 
13 
49 
49 


13 


62 
62 
7H 
78 


ext. prec 


ext. prec 
96 (ext. prex 
98 (ext. prec 


integer arith 


punched tape (1/0 
magnetic tape (1/0 
ponched cards (1/0 
alphanumeric typewrtr 
high-speed line prtr (O 
high-speed photo-el. rdr (I 
card & printer coupler (1/0 
control coupler (1/O 
17,500 words ‘sec 

yes, using control buffer 


symb. assembler, algebraic 
compiler 

80 

15 


perity 


no experience 
IBM std equip. 1/0 equip 


none 
yes, modular design 
yes, unlimited 


yes 


prog., Operating, maint 
with lease 


10 kva (emerg. power bit.-in 
150 eq ft 
not req 


not req. 


$500,000 


Burroughs Corporation 
Detroit, Michigan 


Burroughs 205 


yes (number not released 
NR 

yes 

six mee. delivery 


yes 
yes 

yes 

all types 


binary coded decimal 
10 plus sign 
NR 


magnetic drum 
NR 
44,900 


8500 pace (ave 


NR 


880 


$50 (‘ave 


built-in 
2500 pac 
10,800 


14,000 


paper tape 

punched carde 
magnetic tape 
printed paper 


singic address 


90 
many 


overflow, divide, forbidden 
combination 


MILLIsadic 


paper tape 
magnetic tape, Cardatron 


NR 


operating, maintenance 
with lease 


mag. amp-saturable reac 
1,000 sq ft (min) 
60-80 degrees F 


raised, or built-in cable 


$149,210 (min) 
$4,390 (min 
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Burroughs Corporation 
Detroit, Michigan 


Burroughs 220 


yes (number not released) 
NR 

yes 

six mos. delivery 


yes 
yes 
yes 
all types 


binary-coded decimal 
10 pilus sign 
NR 


core 


NR 
100,000 (digits 
9 sece (ave 


built-in 
190 gseec 
280 pac 


2070 


3985 


paper tape 

punched cards 
magnetic tape 
printed paper 


NR 
yes 
single address 


100 
many 


overflow, divide, forbidden 


combination 
3% 


MILL Isadic 


paper tape 
magnetic tape, Cardatron 
2000-word blocks (5) 


no 


operating, maintenance 
with lease 


mag. amp-saturable reac 
1,000 sq ft (min) 
| 60-80 degrees F 


raised, or built-in cable 


$320,000 (min) 
7,800 (min) 
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Clary Corporation 
Computer Division 


| San Gabriel, California 


DE-60 


NR 
NR 
NR 
NR 


yes 
yes 
yes 
control, on-line 


binary-coded decimal 
18 and sign 
4 


magnetic drum 
32 to 160 (words 
576 to 2880 
1000 parc 

16,000 psaec 


no 
3,000 usec 


160,000 yecc (avg) 


140,000 pace (ave 


magual keyboard 
paper tape 
punched cards 
line printer 
typewriter 


1000 
limited 


algebraic and alphanumeric 


NR 
NR 


115 volts 


22 eq ft 

not required 
not required 
$18,000-20,000 
$540-600 


Compagnie des Machines Bull 


Direction des Etudes 
Paris, France 


Gamma 60 


yes 
yes 
yes 
control 


binary -decimal 
6 
4 


magnetic core 
32,708 (words) 
196,608 
10 usec 
100 psec 


magnetic drums 
51,200 (words) 
307,200 

10 peec 

20,000 yaec 


built-in 
220 usec 
370 weec 


550 psec 


comparison: 160 psec 


magnetic tape 

card reader (300 ¢/min) 
card punch (300 c/min) 
line printer (300 lines /min) 
punched tape (300 ch /min) 


typewriter (10 ch/min) 


100,000 
yes-paralle] machine 
variable-length instr. 


100 
150 


| check-digit 


none 


NR 


complete 


complete—-lease or purchase 


150 kva 


2500-3500 eq ft 
required 
not required 


$1,500,000-3,000,000 
$30,000-60,000 


| 


i 


Control Data Corporation 
Computer Division 
Minneapolis, Minn. 


no 

NR 

yes 

November 1960 


magnetic core 
4096 (words) 
8192 

2.2 

6.4 


programmable 
12.8 psec 


950 psec 


1800 psec 


magnetic tape 
card reader 
line printer 
card punch 
typewriter 
tape reader 
tape punch 


78,000 
with some I/O devices 


binary 


62 
several 


programmable 


0.5% 


1604 Satellite system 


NR 
NR 
NR 


yes 


complete 
training 


115 volts 
desk-size 
recommended 
not required 
$60,000 
$1,500 


1604 


no 
| NR 
| yes 
| April 1961 


yes 
| yes 


| magnetic core 
32,768 (words) max. 
| 262,144 
2.2 
6.4 


built-in 
7.2 saec (avg) 
| 18.8 psec 
25.2 usec (+0.8 #1's) 
36 usec 
65.2 pwsec 
| 56 wsec 
oper and instr. acc. inc. 


| magnetic tape 
| card reader 
line printer 
card punch 
| typewriter 
tape reader 
| tape punch 
CRT display 
55,000 (buff.), 200,000 dir. 
yes, on buff. tre. 


binary 


| 62 
several 


programmable 


1.5% 


not known 


| none 
modular storage units 
storage to 32,768 wds 


| complete 
| available 


| 120/208 volts 
| 400 sq ft 
recommended 
not required 
| $750,000 to $990,000 
| $18,750 to $30,100 
| 





Digital Computing Machine Survey 


1. Manufacturer 


2. Machine name 


3. Machines in use 
On order 
In production 
When available 
In research 


4. Application: Scientific 
Design enginecring 
Business 
Control 


5. Numerical code 
Charac. /mach. word 
Bits /mach. word 


6. Storage, Main 
Registers 
Characters 
Access time—min 
Access time—max 
Rapid access: Registers 
Characters 
Access time—min 
Access time—maex 
Other 
Registers 
Characters 
Access time —min. 
Access time——max. 


7. Arithmetic: Fitg. pt.? 
Addition—Fixed 
Floating 
Multiplication—Fixed 
Floating 
Division—Fixed 
Floating 


8. Input-output equipment 


Mach. wds /sec 
Calculation during I/O 


9. Programming: Code 
Types of instructions 
Routines evailable 


10. Reliability: Auto. check 
Typical down-time 


11. Use with other systems 


12. Peripheral equip. rqd. 
Optional 
Expansion potential 


13. Transistcrized? 


14. Services to user 
Training 
Maintenance 


1S. Power supply 


16. Environment req: Space 
Air conditioning 
Special flooring 


17. Cost: Purchase price 
Monthly rental 





El-Tronics, Inc. 
Alwac Computer Div 
Hawthorne, California 


| Alwac III-E 


yes—37 
yes—2 
yes—5 

3 to 6 months 
yes— 1 


| yes 
| yes 


no 
yes 


binary 
8 (hexidec.), 5 alpha 
4 (hexidec.), 6 alpha 


| magnetic drum 


8172 (words 
77,000 

500 usec 
16,000 usec 
128 (words 
1,024 

500 usec 
8000 yusec 


core 


NR 
NR 
NR 
NR 


programmable 


1000 usec 
17,000 psec 
17,000 ysec 


tape reader, 21,000 ch /sec 


| typewriter, 10 ch ‘sec 


high-speed perf. tape 
cards, 100 min 
line printer, 150 lines /min 


2000 
yes 


single address 
100 
250 


parity 
5.4° 


MILLIsadic 


none 
high-speed tape and cards 


line printer core storage 


partially 


operation, maintenance 
available on contract 


220 volts 


30 sq. ft 
yes (1% tons 
NR 


$74,600-79,000 
$2,400-2,600 


EMI Electronics 


| Computing Division 


Hayes, Middlesex, England 
EMIDEC 1100 


yes —5 

yes 10 

yes 

15 months’ delivery 
NR 


i no 


yes 


NR 


binary 
6 
6 


magnetic cores and drums 
65,336 (words 

260,000 

NR 

3000 usec 

1024 

6144 

NR 

3000 psec 


no 
140 yeec (incl. access time 


1100 ssec (incl. access time) 


1200 ysec 


punched tape (1/O 
punched cards (1/0 
line printer 
magnetic tape 


not known 
yes 


two-address 
30 


on magnetic tape 


negligible 


punched tape, card punch 
verifiers 
yes (16 peripheral units) 


programming, maintenance 
available on contract 


415 volts 


1500 eq. ft 
yes (for even temp.) 
false floor for cables 


$300 ,000-800,000 
$6,000-17,000 


Ferranti Limited 


Computer Division 
West Gorton, Manchester, England 


Pegasus 2 


NR 

yes 

yes 

12 to 15 months del 
yes — avail. 3 mos 


yes 
yes 
yes 
yes 


binary 
4 (approx 
5 


acoustic delay, drum 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


programmable 
300 psec 


2000 pacc 


5500 pacc 


} tape reader 


teletype punch 


| card reader 


| card punch 


\4-in. magnetic tepe unit 
tape punch 


NR 
yes 


NR 
NR 
NR 


| parity 


less than 5 


NR 


programming 
1 year free 


50 kva 


1000 sq. ft. in hot climate 


some installations 


NR 
NR 


Mercury 


yes 15 

yes 

yes 

12-18 months delivery 


yes 
yes 
NR 
NR 


binary 


| 8 


5 


ferrite core, magn. drum 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


built-in 

180 pecc 

400 pacc 

3500 

tape reader 
teletype punct 
card reader 


punch 
im. magnetic tape unit 


perity 
5 approx 


NR 


programming (4 programmers )| 
1 year free 


40 kva 


1500 aq. ft 


| built-in 


some installations 


NR 
NR 


ELECTRO-TECHNOLOGY 











Ferranti Limited 
Computer Division 
West Gorton, Manchester, England 


| Sirius 


no 
NR 


yes 


January 1961 


yes 
yes 
yes 


| NR 


| decimal 


40 
4 


acoustic delay lines 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


programmable 
(dependent upon access time 
to words in storage 
4000 ywecc max 


tape reader 


} teletype punch 


Bull PRD combined card 
reader and punch 


NR 
NR 


NR 
lees than 10 


NR 


NR 


programming 
initial free 


800 watts 


100 eq ft 
not casential 
NR 


NR 
NR 


OCTOBER 1960 





Orion 


ferrite core 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


magn. drum 


| NR 


NR 


optional 
machine in research phase 
times are not finally de 
termined 


| tape reader 


teletype reader 
card reader 


| card punch 


l-in. magnetic tape unit 
high-speed printer 


high-speed punch 
NR 


no 


NR 
NR 


| NR 


parity 
not yet known 


programming 
1 year free 


1.5 kva 


1200 eq ft 
desirable 


NR 


NR 
NR 





yes 
yes 
possibly 
NR 


| binary 


48 
6 


NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


built-in 
1.2 seec (estimated 
machine in research phase 
times are not finally de 


termined) 


| tape reader 


teletype punch 
card reader 


| card punch 


1-in. magnetic tape unit 


| high-speed printer 


high-speed punch 
NR 


| no 


NR 
NR 
NR 


not yet known 
not yet known 


NR 


programming 
1 year free 


8 kva 


2000 sq ft 
desirable 


NR 


NR 
NR 


General Precision, Inc. 
Librascope Division 
Burbank, California 


| LIBRATROL-500 


| magnetic drum 


64 

28,224 
250 usec 
1600 psec 


| 64-word buffer 


| programmable 


250 


16,000 


16,000 


| typewriter 
| paper tape 
| analog computing machine 


1.4 (dig.), 60 from V-D con 
yes 


| single address 


20 
100 


prog., voltage digitizer 
| 2% 


gen. pur. enalog for simu. 


none 
peripheral equip., analog 
yes 


NR 

programming, maintenance 
NR 

115 volts 


12 eq ft 
yes 
suitable for 1000 Ib 


NR 
NR 


LIBRATROL-1000 


no 
NR 
yes 
early 1961 
NR 


no 


magnetic drum 
122 


| 62,976 


250 usec 
16,000 psec 

3 

1,088 

250 

2,000 

64-word buffer 


programmable 
250 


16,000 


16,000 


typewriter 


paper tape 
analog machine 
digital 


60 (I), 8 (O) 
yes 


double address 
NR 
NR 


programmed 
0.5% 


NR 


none 


| peripheral equip., analog 


yes 


| programming, maintenance 


NR 


115 volts 


two desk-size units 


| no—built-in 


NR 


| NR 


NR 





eitetie-t 


1. Manufacturer 


2. Machine name 


3. Machines in use 
On order 
In production 
When available 
In research 

4. Application: Scientific 
Design engineering 
Business 
Control 


Numerical code 
Charac. /mach. word 
Bits /mach. word 


Storage, Main 
Registers 
Characters 

Access time—min. 
Access time—-max 

Rapid access: Registers 

Characters 
Access time—-min 
Access time—max. 

Other 
Registers 
Characters 

Access time—min. 
Access time—makx. 

Arithmetic: Fitg. pt.? 

Addition—Fixed 
Floating 

Multiplication—Fixed 
Floating 

Division—Fixed 
Floating 


Input-output equipment 


Mach. wds ‘sec 
Calculation during I/O 


Programming: Code 


Types of instructions 
Routines available 


Reliability: Auto. check 
Typical down-time 


Use with other systems 
Peripheral equip. rqd. 
Optional! 


Expansion potential 


Transistorized? 


Services to user 
Training 
Maintenance 


Power supply 


Environment req: Space 
Air conditioning 
Special flooring 


Cost: Purchase price 
Monthly rental 


Computing Machine Survey 


| Information Systems, Inc. 


Computer Division 


| Los Angeles, Calif 


609 Info. & Com. System 


yes—2 
yes —5 
yes —5 
September 1960 


yes 
yes 
NR 
yes 


binary 
NR 
39 per machine word 


ferrite core 
4,096 
159,744 bits 
720 ywesec 
720 usec 


disk 

34,000 words (each 
1,326,000 bits (each 
720 psec 

720 psec 


| programmable 


720 yweec 
28,000 usec 


28,200 usec 


punched tape 

typewriter 

tape punch 

visual display 

automatic control signal 

analog voltage and digita! 
signal 


10 
yes 
octal and binary 


64 
30 


programmable 
continuous operation 


industrial instruments 


tape reader, tape punch 
std. prtg., display, ctrl. 


great 


yes 


complete 
per contract 


220 volts 


15 sq ft 
recommended 
some installations 


$90,000-175,000 
NR 


Intelex Systems, Inc 
Standard Elektrik Lorenz 
Assoc. of IT & T 
Stuttgart, Germany 
ER-5S6 


yes—5 


| yes—5S 


NR 
NR 


yes 
NR 
yes 
NR 


alphanumeric 


5 


ferrite core 
10,000 (words 
70,000 

450 usec 
20,000 usec 
NR 

NR 

6 ssec 

6 yeec 

drums (9 max 
12,000 words (cach 
84,000 

NR 

NR 


built-in 


200 sgl. word, 300 dbl. word 


460 psec 


2,960 psec 


card reader—400 ‘min 

ree] tape—30,000 ch sec 

random access bin tape 
14,000 ch /sec (O 

line prtr—-600 to 900 
lines sec 

card punch—100 cards, m 

paper tape—400 ch /sec (I 
300 ch /sec (O 

NR 

yes 


single address 


150 
yes 


yes 
NR 


NR 


NR 
all I/O and drums 


storage to 10,000 words 


yes 


complete 
contract avail (IT & T 


230-280 volts 


400 to 1000 sq ft 
minimum 
NR 


NR 
NR 


International Business Machines Corporation 


New York, N. Y. 


IBM-RAMAC 305 


yes-NR 
NR 
NR 
NR 


NR 
NR 
yes 
yes 


NR 
variable 


magnetic disk 
NR 

20,000 000 
50,000 usec 
800,000 parc 
NR 

NR 

10,000 saec 
10,000 psec 


NR 
30,000 pecc 
6 by 5 digit 130,000 yssec 


9 by 4 digit 240,000 ypaex 


punched cards--125 c/m (O 


100 c/m (1 
printer lines /m (O 
150 lines m (I 
console typewriter (O 
remote printing (O) 
paper tape (I 20 ch /s 


variable see above 

yes 

gen. pur. proc. control 
symbolic prog 


44 
complete 


parity 
NR 


IBM series 1200 


NR (character sensg 


Inqu. unit, prtr., mag. tapes 


disk storage, proc. sp 


NR 


complete 
available 


208 or 230 volts 


370 sq ft 
4 tons (humidity below 80 
50 Ib /eq ft 


$167.850 min, 210,950 ave 
$2,875 min, 3,800 avg 


IBM 1620 


no 
NR 
yes 
late 1960 


yes 
yee 
NR 
NR 


binary-coded decima! 
variable 
6 


magnetic core 
NR 
20,000 
NR 

20 pecc 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


programmable 
10 digits-960 sacc 


10 digits 17,760 psec 

NR 

paper tape’ 15 ch /sec 
150 ch /sec (1 

typewriter (1/0 


serial card (1/0 
magnetic tape (1/0 


variable 
no 


symbolic, FORTRAN 


32 
25 


yes 


NR 
NR 


NR 
NR 


NR 


available 
available 


2 kw 


21.8 sq ft 
NR 
NR 


$74,500 min 
$1,600 min 


ELECTRO-TECHNOLOGY 





Internationa! Business Machines Corporation 
New York, N. Y. _— 


® 


IBM 609, Model Al 


no 

NR 
yes 
NR 


yes 
yes 
yes 


NR 


binary -coded decimal 
6 and 12 plus sign 
4 plus check bit 


magnetic core 
240 
sA4 
NR 
14 usec 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


NR 


variable 
variable 


variable 


punched card (1/O)-—200 
cards min 


as stated above 
no 


control-pancl wiring 


NR 
NR 


completely 


NR 


punched-card installations 


NR 
NR 


available 
available 


1 kw 


12.1 sq ft 
not required 
NR 


$55,500 min 
$1,175 min 


OCTOBER 1960 


IBM 650 


yes -NR 
NR 
NR 
NR 


yes 
yes 
yes 
NR 


bi-quinary 
10 plus sign 
2 out of 7 


magnetic drum and core 
NR 

20,000 digits 
96 peck 

4800 perc 

NR 

600 digits 

0 plus 96 secc 
0 plus 96 wacc 
NR 

NR 

NR 

NR 

NR 


NR 


10 + 10 digits 768 psec 


10 by 10 digits 11,900 


9-digit quotient — 16,200 


punched cards, 100-250 m 
paper tape. 20 ch ‘sec (1 
magnetic tape, 15,000 ch /s 
line printer (O), 150 lines/m 


10,404 
yes 


bi-quinary 


100 
NR 


yes 
NR 
IBM 700 scrics, IBM 1401 


NR 
NR 


NR 


NR 


available 
available 


208 or 230 volts 


250 to 600 eq ft 


max. hum.-—-80 
50-90 F 
100 Ib /sq ft 


, temp 


$182,400 min 
$3,750 min 


yes 
yes 
yes 
NR 


binary 
6 
6 


mag. core drum, tape 
4096-32,768 words 
24,576-196,608 

12 wsec 

12 wecc 

NR 

NR 

NR 

NR 

drums 

8,192 to 16,384 words 
48,752 to 97,404 ch 
NR 

NR 


built-in 
24 ypaec 
84 ysec 


204 peace 


216 usec 


punched cards, 100-250 /m 
magnetic tape, 15,000 ch 's 
printer (O), 150 lines /sec 
CRT recorder (O) 
real-time connection 


2500 words sec (mag. tape) 


no 


SHARE, FORTRAN 


57 
NR 


on magnetic tape 
NR 


NR 
NR 
card-to-tape, tape-to-prtr., 


tape-to-card 
NR 


NR 


available 
available 


96.4 kva 


1350 sq ft 
yes 
false floor 


$1,109,200 min 
$24,450 min 


IBM 705-III 


yes—-NR 
NR 
NR 
NR 
NK 


NR 
NR 
yes 
NR 


binary-coded decimal 
variable 
6 plus check bit 


magnetic core 
NR 

40,000 or 80,000 
9 uacc 

9 usec 


drum 
NR 
60,000 
NR 


| NR 


i no 


86.5 weec 
254 yweec 


1278 usec 


punched cards (1/0), 100 
250 ¢c/m 


mag. tape (1/0) 


printer (O), 150-1000 lines ‘m 
typewriter (O) 


variable 


| yes 


autocoder, 705 processor 


40 (min) 
NR 


yes 


NR 


no 


NR 


| eard-to-tape, tape-to-card, 


tape-to-prtr. 


NR 


complete available 
available 


97 kw 


2500 sq ft 
required 
false floor 


$1,672,000 min, 2,063,000 avg 
$31,600 min, 43,000 avg 


IBM 709 


yes —-NR 
NR 
NR 
NR 
NR 


yes 
yes 
yes 
NR 


binary 
6 
6 


magnetic core 

4,096 to 32,768 words 
24,576 to 196,608 

12 ywsec 

12 usec 


drums 
8,192 or 16,384 words 


48,752 or 97,404 
NR 
NR 


yes 

24 usec 
84 usec 
204 usec 


216 usec 


punched cards (1/O), 100- 
250 c/m 

mag. tape (I/O), 15,000 ch/s 

line printer (O), 150 lines /m 

real-time connection 

CRT recorder 


2500 words ‘sec (mag. tape) 
yes 


SHARE, FORTRAN, SOS 


182 
NR 


on magnetic tape 
NR 


magnetic tape systems 


NR 
card-to-tape, tape-tcecard, 
tape-to-prtr. 


NR 


complete available 
available 


110 kva 


NR 
required 
false floor 


$2,484,300 min 


| $34,700 min 





Digital Computing Machine Survey 


1. Manufacturer 


2. Machine name 


3. Machines in use 
On order 
In production 
When available 
In research 


4. Application: Scientific 
Design enginecring 
Business 
Control 


Numerical code 
Charac./mach. word 
Bits ‘mach. word 


Storage, Main 
Registers 
Characters 
Access time—min. 
Access time—max. 
Rapid access: Registers 
Characters 
Access time—amin. 
Access time—max. 
Other 
Registers 
Characters 
Access time—min. 
Access time—max. 


Arithmetic: Fitg. pt.? 

Addition —Fixed 
Floating 

Multiplication —Fixed 
Floating 

Division — Fixed 
Floating 

Remarks 


Input-output equipment 


Mach. wds ‘sec 
Calculation during 1/0 


Programming: Code 
Types of instructions 
Routines availabic 


Reliability: Auto. check 


Typical down-time 


Use with other systems 


Peripheral equip. rqd 
Optional 
Expansion potential 


Transistorized? 


Services to user 
Training 
Maintenance 


Power supply 


Environment req: Space 
Air conditioning 
Special flooring 


Cost. Purchase price 
Monthly rental 


IBM 1401 


NR 


NR 
NR 
yes 
NR 


binary-coded decimal 
variable 
6 plus word mark and C 


magnetic core 
NR 
4000-16,000 
11.5 ssec 

11.5 psec 

NR 

NR 

NR 

NR 

magnetic tape 
NR 

NR 

NR 

NR 


no 
310 usec 


1960 psec 


2404 psec 


card, O-250 c/m, 1-800 c/m 
mag. tape, 15,000-62,500 ch/s 
printer, 600 lines /min 

1200 reader-sorter (I), 


900 documents / min 


variable 
yes 
card symbolic programming 


45 (min 
iS 


yes 


NR 


IBM 1401/7070; 1210/1401 


none 


IBM 1401 


7070; 1210/1401 


yes 


complete available 
available 


7 to 17 kva 


336 to 448 sq ft 
NR 
NR 


$125,000-271,000 
$2,475-6,750 


Internationa! Business Machines Corporation 


New York, N. Y¥ 


IBM 7070 


yes 
yes 
yes 


NR 


alphanumeric 
10 numeric, 5 alphanumeric 
5 per digit 


magnetic core 
$000-10,000 words 
$0,000-100,000 
6 weec 

6 seec 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 


built-in 


60 ssec (6 + 6 digits 


768 wecc (6 by 6 digits 


1872 weec (S-dig. quo. avg 


card 


ir 


250 ¢/min 

car 500 ¢ 'm 
console typewriter, 10 ch/s 
4 60 c/s 
printer, 150 lines ‘min 

mag. tape 


eader 


console card reader 


random -access storage 
variable 
yes 


autocoder, FORTRAN 
190 mnemonics 
30 (increasing 


fail-safe adder; 2-gap head 
internal transfer 


none 


IBM 1401 


complete available 
available 


208 to 230 volts 


1200 sq ft 
65 to 90 F 
100 Ib /sq ft 


ave 


$546,700 min, 813,250 avg. 
$11,950 min, 17,400 avg. 


IBM 7080 


NR 


NR 


yes 
NR 
yes 
NR 


binary -coded decimal! 
variable 
6 


magnetic core 
NR 
160,000 
2.18 seec 
2.18 paec 
yes 

1,024 
NR 

NR 
drum 
NR 
1,800 .000 
NR 

NR 


no 
13.08 ssec 


140 peec 


210 wecc 


mag tape, 15,000-62,500 ch s 
card, 100-250 c/m 


printer, 150-1000 lines m 


variable 
yes 


autocoder III 
68 
NR 


processor 


yes 
NR 


IBM 1401 


none 
yes 


yes 


complete available 
available 


208 volts 


1000 to 1200 aq ft 
50 to 80 F, 80°, hum 
100 Ib /sq ft 


max 


$2,223,000 min, 2,675,000 avg. 
$49,100 min, 56,900 avg 


IBM STRETCH 


none 

NR 

NR 

on contract basis 
NR 


yes 
yes 
yes 
Control, real-time proc 


binary and decimal 
16-8 
4-8 


magnetic core and disk 
262,144 (core 
4,194,304 (core) 

2.18 weec 

2.18 weec 


magnetic disk 
67,108,864 
1,073,741,824 
2.18 secc 
2.18 peec 


built-in 
1.2 pec 
2.4 pace 


7.0 wecc 


async. look-ahead instr. pro 


cards, 1000 ¢/m (I 
Oo 


tape 


250 ¢/m 


62,500 ch/s 

typewriter (manual input 

line printer, 600 lines /m 

lirect digital display 
lights 

ce above 

data 


yes anticipates inst 


NR 
154 


initially only prog. systems 


complete available 


contract (free on rental 


208 


volts 


2500 sq ft 
60 tons, 20-80 humidity 
false floor, 100 Ib eq ft 


$10,000,000 minimum 
NR 


ELECTRO-TECHNOLOGY 





| International Business 
| Machines Corporation 
| New York, N. Y 


| IBM 7090 


| yee-NR 


NR 
NR 


| NR 


| 


| 
| 
| 
| 


| 


| 


NR 


| yes (primary application) 


yes 
yes 
yes 


nary 


bi 
6 
6 


magnetic core 
32,768 words 


| 226,608 


2.18 pace 


| 2.18 psec 


cards, 250/m (1); 100/m (O 
mag. tape, 15,000-62,500 sex 
line printer, 150 lines /‘m 


see above 
yes 


508, FORTRAN, 7090 contr 
205 

NR 

overflow-underflow, parity 
NR 

IBM 1401 

NR 


yes 
yes 


complete available 
available 


208 volts 


1400 eq ft 
50-80 F req 
100 Ib /sq ft 


ave 


» 20-80 hum 


$2,547,400 min, 2,898,000 avg 
$53,400 min, 63,500 avg 


OCTOBER 1960 


JEIDAC.-101 (NEAC-2203) 


yes 4 
NR 
NR 
NR 
NR 


yes 
yes 


| yee 


NR 


binary-coded decimal 
11 and sign 


1 $ 


magnetic drum and core 
2,040 words (drum) 


| NR 


3 weec 

6 weec 

200 words (core) 
NR 

0 


| 2 weec 


yes 


3200 weec (drum 


5400 ssec (drum 


9600 yweec (drum) 


punch tape rdr, 200 ch /s 
tape panch, 10 ch /sec 
pege prtr, 200 sheets /m 
card reader 

card punch 

line printer, 200 lines /m 


see above 


yes 


decimal 2 digit 
a: 
27 


perity 
NR (i-he daily check) 
NR 

NR 

NR 

NR 

yes and diode 

NR 

NR 


0.5 kva 


4500 eq ft (for 4 machines) 
50-hp compressor 
NR 


$84 ,000-550,000 
NR 


Japan Electronic Industry Development Association 


Tokyo, Japan 


JEIDAC-202 (TOSBAC-2103) 


NR 
NR 
NR 


| NR 


NR 


yes 
yes 
yes 
NR 


binary-coded decimal 
7 and sign 
5 


transistor counter, drum 
3,000 words (drum) 

NR 

NR 

NR 

18 words (trstr. ctr.) 
NR 

NR 

NR 


tape reader, 200 ch/s 
line printer, 200 lines/m 
RR-sensing punch unit 


see above 


NR 


patch board 

NR 

NR 

NR 

NR (l-hr daily check 


NR 


code converter 
NR 
NR 


yes and diode 


NR 
NR 


0.9 kve 


4500 sq ft (for 4 mach.) 
50-hp compressor 
NR 


NR 
NR 


JEIDAC-201 (FACOM-212) 


yes —-NR 
NR 
NR 
NR 
NR 


no 
no 

yes 
NR 


binary—excess-3 
12 and sign 


| NR 


magnetic core 
| NR 
| NR 


NR 
NR 
32 words (core) 


| NR 
| NR 


NR 


no 


3,000 usec 


| 15,000 usec 


50,000 usec (drum) 


tape reader, 200 ch ‘sec 
tape punch, 10 ch /sec 

IBM 513 reproducing punch 
IBM 405 alphabetic acct 
tape punch, 30 ch /sec 


see above 


NR 


NR 
32 
NR 


odd 
NR 


NR 


parametron 


NR 


NR 
NR 
NR 


$90,500 (min) 
NR 


JEIDAC-101 (HITAC-301) 


NR 
NR 
NR 
NR 


| NR 


yes 
yes 
yes 


| NR 


| binary-coded decimal 


12 and sign 


| § 


magnetic drum and core 
| 1,960 words (drum) 
NR 


3 usec 


| 6 usec 


200 words (core) 
NR 

0 

6 usec 


no 
3,500 ysec (drum) 


10,000 usec (drum 


11,000 usec (drum) 


tape reader, 200 ch /sec 


| tape punch, 10 ch /sec 
| page prtr, 8 ch /sec, 200 


sheets /m 


| card reader 


card punch 


line printers 200 lines /m 


see above 


| NR 


| NR 


NR 
74 
26 


parity 


1-hr daily check 
NR 


NR 
NR 
NR 


yes and diode 


NR 
NR 


0.5 kva 


4500 sq ft (for 4 machines) 
50-hp compressor 
NR 


$140,000 - 550,000 
NR 





Digital Computing Machine Survey 


1. Manufacturer 


2. Machine name 

3. Machines in use 
On order 
In production 
When available 
In research 


4. Application: Scientific 


Design enginecring 
Business 
Cortrol 


5. Numerical code 
Charac. mach. word 
Bits mach. word 


6. Storage, Main 
Registers 
Characters 
Access time —min. 
Access time—max. 
Rapid access: Registers 
Characters 
Access time—min. 
Access time—max 
Other 
Registers 
Characters 
Access time 
Access time —max 


7. Arithmetic: Fitg. pt.? 

Addition — Fixed 
Floating 

Multiplication —Fixed 
Floating 

Division— Fixed 
Floating 

Remarks 


8. Input-output equipment 


Mach. wds sec 
Calculation during 1/O 


9. Programming: Code 
Types of instructions 
Routines available 


10. Reliability: Auto. check 
Typical down-time 
11. Use with other systems 


12. Peripheral equip. rqd. 


Optional 
Expansion potential 


13. Transistorized? 


14. Services to user 
Training 
Maintenance 


15. Power supply 

16. Environment req: Space 
Air conditioning 
Special flooring 

17. Cost: Purchase price 
Monthly rental 
Remarks 


Leeds and Northrup Co. 


Philadelphia, Pa 


LN-3000 

yes (since Sept. 1960) 
NR 

yes 

NR 


NR 


NR 

NR 

yes, and process control 
binary 

NR 

NR 


magnetic drum 
| 8068 to 16,000 
| NR 

130 usec 

16,700 psec 


4 to 48 


NR 
130 yeec 
130 psec 
NR 
NR 
NR 
| NR 
NR 


no 
130 psec 


| 


3600-4600 usec 
3600-4600 ysec 


sq. root: 3600-4600 uacc 


| typewriter (1/0 
analog -to-digital conv 
digital clock 
manual 
counters 
binary devices 
tape reader 
digital-to-analog conv 
annunciator lights 


yes 


machine language 
60 
6 


perity 
NR 


may be used as satellite 

primary elements (i.e ., 
thermocouples) 

NR 

NR 


yes 


operation 
NR 


117 volts 


12 to 35 aq ft 
not required 
NR 


$250,000 (min 
not for rent 


Litton Industries 
Computer Systems Lab. 
Woodland Hills, Calif 


C-7000 


NR 
yes 
NR 
1961 


yes 


NR 
NR 


| yes, and military 


binary 
22 
NR 


magnetic drum and core 
16,000 (drum 
352,000 

4 pecc 

5 usec 

2,048 (core 
45,056 

2 weec 

4 pace 
magnetic tape 
NR 

NR 

NR 

NR 


NR 

4 peec 

26 weec (double precision 
46 wecc (double precision 
times inci. access 

paper tape 


magnetic tape 
manual 


NR 

NR 

1000 watts 
12 eq ft 
required 
NR 


$350,000 to 500,000 
NR 





Massachusetts! Institute of 
Technology, Dept. EE 
Cambridge, Mass 


Tx-0 


yee} 
not commercial) 


yes (used for education and 
computing research 


binary 
1 
18 


magnetic core 

8192 (addressable 
8192 

2 (6 paec_cycle time 


yes 
16 

NR 
NR 
NR 


programmable 
12 pace 
programmed 
programmed 
programmed 
progremmed 
programmed 
NR 


Paper tape reader 
paper tape punch 
typewriter 

CRT point display 


light pen 


binary 


20 


storage perity 
NR 


paper -tape prep. equip 


complete (machine used for 
research at MIT) 


3 kw 


1200 sq ft 
7.5 tons 
NR 


not for sale) 
not for rent) 
research machine 


Massachusetts Institute of 
Technology, Lincoln Leb. 
Lexington, Mass 

TX-2 


yeo1 
not commercial) 


yes (used for education and 
computing research 


Mmeagneti core 

131,072 (addr.)70,000 (inet 
280 .000 

2 (4.4) cycle time 

4 (6.4) cycle time 


yes 
96 

160 
NR 
NR 


programma bic 

4.8 (36-bit), 4.8 (49-bit) gece 
20 (36-bit 10 (49-bit) sec 
TR (36 bir 8 (9-tnt) see 
shift 15 (36-bit), 8 (9-bit 
paper tape reader 

paper tape punct 


Xerox printer 
CRT point displey 


| light pen 


keyboard 
typewriter 
magnetic tape 


50.000 
yes 


binary 
50 
12 


storage perity 
NR 


complete (machine used for 
research at MIT) 


20 kw (110 volts 
1500 aq ft 
25 tons 
NR 
not for sale) 


not for rent) 
research machine 


ELECTRO-TECHNOLOGY 





} 
Minneapolis-Honc ywe!! 
Brown Instruments Div 
Philadelphia, Pa. 


Honcywell 290 
| 
NR 
| NR 
| NR 
| NR 
NR 


| NR 


| NR 
| NR 
| yes, industrial, process 


binary, binary-coded dec 
18 bits ‘machine word 


magnetic core and drum 

} 8192 (min) drum 
NR 

| NR 

| NR 

| 1024 to 4096 core 
$192 to 32,768 
20 psec 

| NR 
NR 

| NR 
NR 
NR 

| NR 


optional 
140 seec (core 


800 weec (core 


1400 yweee (core 


eq root, 2600 sweec (core 


| typewriter 

| paper tape punch 

| peper tape reader 
analog -to-digital conv 
digital -to-analog conv 
digital display 
digital input /output 


60 chs 


; 
| NR 


yes 


single -eddress 
70 
NR 


| programmed 


} NR 


pneumatic, electric control 


j 
none 


NR 


yes parallel proc 


| ve 


complete available 
|} available 


| 115 volts 
| 
8 eq ft 
built-in 
NR 


plus working space 


| NR (usually supplied as 
| part of process control 
| system) 


OCTOBER 1960 


Minneapolis- Honeywell 
DATAmatic Division 
Wellesicy Hills, Mass. 


Honcywell 400 


none 
NR 


| yes 


Summer 1961 
NR 


yes 


NR 
yes 


NR 


alphanumeric, bin.-cod. dec 
48 bits /machine word 


6 (alphanum.), 4 (number) 


magnetic core 
1024 to 2048 

8192 to 16,384 
37 weec 

17 waec 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 


no 
220 peace 


4000 uacc 
20,000 see 


sq root, 4000 psec 


punched cards 
paper tape 
magnetic tape 
MICR 
printed copy 


EASY 
50 
150 


complete 


NR 

Honeywell 800 
none 

not known 


yes parallel proc 


yes 


complete available 
contract (inc. in rental) 


208 volts 
800 sq ft (avg) 
6.5 tons 


required 


$389,775 (min), 432,975 (avg) 
$8,660 (min), 9,500 (avg) 


yes — parallel proc 


Honeywell 800 
none 

NR 

yes 


December 1960 
NR 


yes 


yes 
yes 
NR 


alphanumeric, bin.-cod. dec. 


48 bits ‘(machine word 
6 (elphanum.), 4 (number 


magnetic core 
4096 to 32,768 


| 32,768 to 262,144 


2.1 ~eec 
2.1 peec 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


| NR 


NR 


built-in 
24 yweec 
162 psec 


20,000 ysec 
ave speed, 3 add. ops. ‘sec 


| punched cards 


paper tape 
magnetic tape 
MICR 


| printed copy 


not known 
yes 


ARGUS, FACT, algeb. comp 
59 
200 


| complete 


NR 


Honeywell 400 


none 


not known 


yes 


complete available 
contract (inc. in rental) 


208 volts 

1200 sq ft (avg.) 

9.11 tons 

required 

$500,000 (min), 950,000 (avg) 
$12,000 (min), 20,000 (avg) 
no max—exp. pot.) 


Monrobot IX 


Monroe Calculating Mach. 
Electronics Division 


Orange, N. J. 


yes——71 (as of June '60) 
unavailable 

yes 

60 to 90 days 


NR 


NR 

yes 

NR 

binary 

61 bits /machine word 


magnetic drum 

15 

279 dec. digits (approx) | 
0 
24,000 usec i 
2 

36 dec. digits (approx 

0 

NR 


none 


programmable 
100,000 usec 


100,000 yzecc ‘multi. digit 


100,000 usec /quotient dig. | 


ae te 


typewriter (I/O) 
punch card (O), optional 


10 digits /sec 
no 


plugboard symbols 
17 | 
N | 
NR 
$% 


NR 


NR 


IBM 024 card punch 
NR } 


no 


complete 
available 


105 to 125 volts 


not required 
total weight: 450 Ib 


$9,650 (min) 


$250 (min) 


| alphanum. (32 bits /word) 


| line via tape or card 


Monrobot XI 


yes—4 


| yes —-20 


yes 
November 1960 


NR 
yes 
yes 


5 


6 (alphanum.), 9 (dec. dig 


magnetic drum 
1017 
5085 


; 0 


11,800 usec 
35 

0 

NR 


} none 


programmable 


| 6000 usec 


30,000 usec 


500,000 usec (approx 


paper tape 


typewriter 


numeric keyboard 
card 
teletypewriter 


| hexidecimal 


27 
30 (to date) 


parity on input and output 
S% 


input keyboard or typewriter 


various I /O equipment 
3 devices (I) and 3 (O) 


yes 


complete 
available 


105 to 125 volts 
16 sq ft 

not required 
total weight: 350 Ib 


$24,500 to 30,000 
varies with peripheral 
equip., maint. desired 





Digital Computing Machine Survey 


1. Manufacturer 


Machine name 
Machines in use 
On order 
In production 
When available 
In research 


Application: Scientific 


Design engineering 
Business 
Control 


Numerical code 


Charac. /mach. word 
Bits ‘mach. word 
Storage, Main 
Registers 
Characters 
Access time—min 
Access time—max 
Rapid access: Registers 
Characters 
Access time 
Access time 
Other 
Registers 
Characters 
Access time 
Access time 


min 
max 


7. Arithmetic: Fitg. pt.? 

Addition— Fixed 
Floating 

Multiplication— Fixed 
Floating 

Division —Fixed 
Floating 

Remarks 


Input-output equipment 


Mach. wds ‘sec 
Calculation during I/O 


9. Programming: Code 
Types of instructions 


Routines availabic 


10. Reliability: Auto. check 


Typical down-time 


11. Use with other systems 
12. Peripheral equip. rqd. 
Optional 
Expansicn potential 


13. Transistorized? 


14. Services to user 
Training 
Maintenance 


15. Power supply 


16. Environment req: Space 
Air conditioning 
Special flooring 

17. Cost: Purchase price 
Monthly rental 
Remarks 


The National Cash Register Company 


Dayton, Ohio 


NCR-304 

yes —6 

yes—23 

yes —14 

1961 

yes (modification 


yes 


NR 
yes 
yes 


binary-coded decimal 
alpha-numeric 

10 

6 


magnetic core 
2400 to 4800 words 
24,000 to 48,000 
60 usec 

60 usec 


optional 
120 to 600 ssec 


1320 to 3900 wsec (8 by 8) 


3480 to 3780 usec (9 quo 


test: 120 to 300 asec 


cards, 2000 /m (I), 100 to 
250 m (O 

peper tape, 1800 ch/s (I), 
60 ch/s (O 

line printer, 850 to 1200 
lines /min 

mag. char., 750 documents /m 

mag. tape, 30,000 to 66,000 
ch /s (alpha-numeric 

see above 

yes, with some I/O equip 


3-address plus micro-flow 
120 


12 


echo, parity, charac. count, 


tim ing 
2% (max 


yes, mag. tape compat. IBM 


none 
yes 
great (modular assembly 


yes 


complete 


contract, inc. in rental 


40 kva, 120/208 volts 


1200 sq ft (approx) 
15 tons (approx) 
recommended 


$800,000 (min) 
$12,500 (min) 
maint. incl. in rental 


NCR-Class 390 


NR 
NE 
yes 
7961 
NR 


NR 


NR 
yes 
NR 


binary-coded decimal 


12 
4 


magnetic core and ledgers 
200 words 
2400 

1.18 usec 
1.18 ssec 


core 


magnetic ledger 
unlimited 
unlimited 

NR 

NR 


no 
3.56 psec 


200 seec 
400 ysec 


decision time: 8 ssec 


paper tape, 400 ch /s (I 
17 ch/s (O 
punch card, 18 ch/s 
mag. ledgers, 200 ch/s 
keyboard (I 
line printer 


1/o 
1/0 


112 lines /m (O 


see above 
no 


decimal 
27 


200 


complete 
NR 


220 voits 
45 eq ft 


none 
none 


$56,300 to 100,000 
$1,395 to 2,000 


Netherlands Postal and 
Telecommunications Service 
Leidschendam, Holland 


ZEBRA 


yes—1 (since April 1958 
NR 
NR 
NR 
NR 


NR 
binary 


a3 
NR 
magnetic drum (6000 rpm 
8192 

NR 

312 pacc 
10,000 pseec 

15 

NR 

312 pecc 

312 pecc 


Ferranti tape rdr, 200 chs 
teletype punch, 60 chs 


5 


teleprinter, 7 ch/s 


single or double address 

32768 (2'*) function: 15 
indep. bits 

250 

partially automatic 

3% 

NR 

NR 

NR 

NR 

50% 

NR 

NR 

4.5 kw 

250 eq ft 


none 
NR 


approx) 


info. from manufacturer 
Standard Telephones & 
Cables) 


Packard Bell Corporation 
Computer Division 
Los Angeles, Calif 


PB 250 Gen. Pur. Dig. Comp 


yes ? 

yes —15 

yes 

August 1960 


yes 
NR 
NR 


binery 


} 

21 plus sign 
magnetostrict. delay lines 
15,888 words 

47,664 

0 

3.072 wecc 

16 words 

48 

0 

192 yece 

magnetic core 

16,000 words 

48 000 

NR 

NR 


programmable 
12 psec 
3.000 peec 


276 weec (max 


276 seec (max 


#q. root, 252 seec (max 


typewriter 
photoreader, 300 c/s 
paper-tape punch 
paper tape reeder 
high-speed biock input 
85,000 characters 
magnetic tape 
punch card 


85,000 
yes 


symbolic assembly 
50 

25 

parity 

NR 

yes designed as syst. comp 
std. input-output 

mag. tape units (6 max 
yes 

yes 

complete 

contract 

115 volts 

4 eq ft 


not required 
not required 


$30,000 min 
$1,200 min 


ELECTRO-TECHNOLOGY 





Philco Corporation 
Computer Division 
Philadelphia, Pa 


Phileo 2000 


yee 4 
NR 

yes 20 
1961 


yes 


yes 

yes 

NR 

bin.-cod. de« 
Heilerith 

8 (alpha-num.) 


. alpha-num 


6 (alpha-num 


ferrite core, drum 
NR 
262,768 
) 


10 pecc 


core 


drum 
NR 
NR 
NR 
NR 


yes 
15 pweec 
15 pecc 


50 usec (per operation 


52 seec (per operation 
repeat control inc. ep "so 
magnetic tape 

punch cards 

paper tape 


printer 
console typewriter 


automatic -mnecmonKk 

229 

40 

no-—by diagnostic program 
NR 

NR 

1/O processor 

Universal Buffer Control 
yes, great 

yes 

complete 

NR 

208 volts 

1500 sq ft 

136,000 Btu 

NR 

$620,000 to 4,000,000 


$12,900 to 84,000 
flexible design and cost 


OCTOBER 1960 


RCA 301 


none 

NR 

not yet 

1961 to 1962 

yes (production to start) 


NR 


yes 
yeu 


NR 
binary-coded decimal 


variable 
7 


magnetic core 
NR 

10,000 to 20,000 
7 sacc 

7 waec 


magnetic tape, record file 
1000 messages 

3,000 ,000 

NR 


NR 


programmable 
217 (6 digits 


8600 saec (5 by 5 digits 


17,500 (5-digit quotient 


Peper tape reader 

paper tape punch 

card reader, 600 c/m 
line printer, 600 lines /m 
card punch, 100 c/m 
record file, 2500 ch /s 


tape. 22,000 to 33,000 ch /s 


67,000 ch sec 
yes 

decimal address 
52 

60 (incl. Cobol 
yes 

10 max 


RCA 301 and RCA 601 


none 
electro-mech. ptr., 600 lines /‘m 


10 random-access files, etc 


yes 


available 


NR 
11.3 kva, 208 or 230 volts 


1200 sq ft (avg system) 
40,600 Btu /hr 
yes 


$409,480 to 2,000,000 
$8,580 to 40,000 


avg. $655,000 pur., $8500 re nt 


Radio Corporation of America 
Electronic Data Proc. Div 
Camden, N. J 

RCA 501 (Model 503) 
yes -18 

NR 

yes -68 

1961 

NR 


NR 


NR 
yes 
NR 


binary-octal 


variable 

7 

magnetic core 

NR 

16,384 to 262,144 

15 usec (4 characters) 
15 wsec 


magnetic tape 
3400 char. ‘message 
9,000 .000 

NR 

NR 


programmable 

240 to 420 

1900 to 9600 psec 

1300 to 2400 psec 

times quoted for avg. ops 
tape, 16,000 to 33,000 ch /s 
random access file, 1.5 mil. ch 
line printer, 600 lines /m 


punch, 100 ch /sec 
high-speed punch, 300 ch /sec 


67,000 ch 
yes 


sec 


two-eddress (binary-octal) 
Cobol narrator 
41 


7 (add'l. in. development) 


yes 

NR 

RCA 501 and RCA 601 
none 

yes 

great 

yes 
available 
NR 

208 volts 
1250 sq ft 
9.4 tons 


yes 


$196,000 (min) 
$3,980 (min) 


RCA 601 
none 


not yet 
1961 to 1962 
yes (prod. to start soon) 


yes 


yes 
yes 
NR 


variable binary 


variable 
3/4/6/8 48 info. bits ‘wd 


magnetic core 

8192 to 32,786 words 
NR 

0.9 psec 

1.5 usec 


built in 

6 wecc 

6 psec 

10 weec 

10 saec 

25 usec 

25 weec 

double precision 


inquiry console, 10 ch /s (1/0 

paper tape rdr.. 1000 ch /s 

card reader, 600 c/s 

line printer, 600 lines /m 

card punch, 100 c/m 

mag. tape, 22,000-120,000 
alpha-num. ch /sec 


256,000 words /sec 
yes 


Cobol, Algol, Fortran 
175 
50 


internal and tape 


RCA 301, 501; IBM tape units 


add'l. transfer channel 
as required 
moduler design, 16 units max 


yes 


available 
NR 


208 volts 


1850 sq ft 
13.4 tons 
yes 


$1,263,110 (typical) 
$27,695 (typical) 


Rice Institute 
Computer Project 
Houston, Texas 


Rice University Computer 


none 

— (not commercial mach.) 
yes 

late 1960 


yes (used for education and 
computing research) 


binary 


54 bits /word 


electrostatic 
32,768 words 
2,040,472 bits 
4 usec 

12 ysec 

4 

216 

2 usec 

2 usec 

none 


no 
12 gsec 


under 100 ssec 


under 100“usec 


paper tape input, 40 w/s 
line printer, 600 lines /m 
mag. tape unit, 4,000 w/s 


see above 
yes, during output and tape op. 


Rice Computer Code 


10° 


no date available yet 


partially 


complete (machine 
at Rice Inst 


motor alternator 
300 sq ft 
13 tons 


NR 


not for sale) 
— (not for rent) 


constr. cost: $450,000 (approx) 





Manufacturer 


Machine name 


Machines in use 
On order 
In production 
When availabic 
In research 


Application: Scientific 
Design engineering 
Business 
Control 


Numerical code 
Charac. mach 
Bits mach 


word 
word 


Storage, Main 
Registers 
Characters 
Access time —min 
Access time —max 
Rapid access: Registers 
Characters 
Access time 
Access time 
Other 
Registers 
Characters 
Access time 
Access time 


min 
max 


> 


Arithmetic 
Addition 
Floating 
Multiplication —Fixed 
Floating 
Division 
Floating 
Remarks 


Fitg. pt 
Fixed 


Fixed 


8. Input-output equipment 


Mach. wds ‘sec 
Calculation during I /O 


Programming: Code 


Types of instructions 
Routines available 


Reliability: Auto. check 
Typical down-time 


Use with other systems 


Peripheral equip. rqd 
Optional 


Expansion potential 


Transistorized? 


Services to user 
Training 
Maintenance 


Power supply 


Environment req: Space 
Air conditioning 
Special flooring 


Cost: Purchase price 
Monthly rental 
Remarks 


Computing Machine Survey 


1105 
yes —45 (all 1100-series 
NR 
yes 
NR 
NR 


yes 
yes 
yes 


NR 


binary-octal 
36 


3 numeric, 6 alpha-num. X-3 


magnetic core and drum 
32,768 (drum 

NR 

17,000 usec (ave 


12,288 (core 


8 usec 
5 usec 
none 


yes 
30 to 44 ysex 

150 to 156 usec 

104 to 116 usec 

NR 

470 to 482 usec 

NR 

tames for function 12 dig 


magnetic tape, 25,000 ch/s 
card reader 

card punch 

paper tape reader, 200 {f/s 
typewriter 

line printer, 600 lines /m 


125,000 
yes parallel 


2-address octal-cod. bin 


56 
NR 


logical checks 
NR 


Univac I, Univac 11,.USS 80 


console 
Unityper, high-speed prtr 


visual display 


NR 


NR 
NR 


208 /220 volts 


2816 sq ft 

35 tons 

470 to 700 Ib/sq ft 
$1,770,000 (avg)-2,400,000 
$40,000 (avg)-55,000 


Remington Rand Corporation 
Univac Division 
New York, N. ¥ 


1103 A 
yes —45 (all 1100-series mod 
NR 
yes 
NR 
NR 


yes 
yes 
NR 
NR 


binary-octal 
36 


} numeric, 6 alpha-num. X-3 


magnetic core and drum 
16,384 
NR 


17,000 usec 


frum 


eve 


only 
omy 


1) to 44 were 
150 to 156 wecc 
104 to 116 ssex 


function 
funct 
funct. onmiy 


470 to 482 wacc funct miy 


parallel operation 


paper tape readcr, 200 I's 
card reader 
card punch 
tape 
typewriter 


1800-2100 wis 
9 ch ‘ac 


mag 
60 fs 


paper tape punct 


125,000 


Univac I, Univac II, USS 80 


console 

high-speed prtr., Unityper 
NR 

NR 

NR 

NR 

208 /220 volts 

2816 eq ft 

yes 


false floor 


$1,050,000 to 1,600,000 
$25,000 to 35,000 


File Computer, Mode} 1 


yee 110 (incl. Model 0 
NR 
yes 
NR 
NR 


yes 
yes 
yes 


NR 


binary ¢xcess.} 
12 


6 


magnetic core and drum 
150,000 
1.800 000 


17,000 wecc (ave 


frum 


20 (core 
240 
900 peck ave 
core 

1070 

12,840 


3100 pace avg 


NR 


8700 pec 
17,920 wacc 5 


20,000 saecc (6-digit 


compare: If 


600 cb 
magnetic tape, 10,400 « a 


ard reader 
card punch 


line printer, 600 


paper tape reader 


lines /m 
200 « 
paper tape punch, 60 ch »s 
nquiry typewriter 

1161 approx., drum 

yes 


3-addrese decimal 


46 plus sub-instruction 
NR 


parity 


NR 


optional checks 


Univac I, Univac II, USS 80 


console 
Randex, inquiry typewriter 
sirline reservation system 
NR 

NR 

NR 

208 (240 voits 

1400 sq ft 


20.6 tons 
150 Ib /sq ft 


$225,000 to 1,125,000 
$5,000 to 25,000 


USS 80 90 with Tape 
yee 105 (incl. all card syst 
more than 300 

yes 

NR 

NR 


yes 
yes 
yes 


NR 


primary usc 


modified bi-quinary 
10 


4-digit, 6-alpha numer 


frum 
4.000 
40,000 
1717 
3417 
1000 
10.000 


wacc 


mace 


442 yace 
B67) week 


none 


card punch 
high 
high epeed reader 
» II, 25,004 
‘ 


ard punct 900 lines 


600 | 
450 


speed prtr 


Unieerv 
prtr 


58,825 
yes 
1% 


numer 


53 
> 


B0-col., 58; 90-col., 62 


parity 


Univac I, II, and III, File 
Comp 1 


NR 

Unityper II end verifier 
10 tape unite (max 
yes 

NR 

NR 

230 volts 

925 ea ft 


11.8 tons 
147 Ib /eq ft 


$347,500 to 730,000 
$6,950 to 15,300 
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Remington Rand Corporation 
Univac Division 
New York, N. ¥ 


Societe d’Electronique et 
d’ Automatisme 
Courbevoie, France 


Univac 120 


yes -980 (incl 
NR 
yes 
NR 
NR 


Univac 60 


yes 
yes 
yes 
NR 


bi-quinary 
variable (1 to 10 
6 


vacuum tube 
comstant storage 


NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


NR 


10,000 ox approx 


50.000 peer approx 


50.000 saec (approx 


90-col. tab. cards (1 O 


paper tape reader (I 


NR 
no 


3-addrees logic 


10 
18 


on cach program stop 


NR 


Univac 90, File comp. 1 


tab. card reader and punch 
paper tape reader 


NR 


personal instruction avail 
contract 


177 /276 volts 
300 eq ft 


not required 
not required 


$97,500 (avg 
$1,075 to 1,350 (approx 
Mode! 60, $75,000 


OCTOBER 1960 


Univac II 


yes 32 
NR 
yes 
NR 
NR 


binary cxcess-3 
12 
6 


magnetic core 
2,000 
24,000 
40 parc ycle 


40 pec 


NR 

200 peer 

NP 

1000 »secc 

NR 

520 weec (ave 

NR 

times for function, 11 dig 


Uniservo Il 

line printer, 600 lines ‘m 

, 2440 ¢/m 
120 ¢/m 


tape conv., 


card-to-tape conv 
tape-to-card conv 
peper.to- mag 


200 chs 


25.000 
yes 
word 


alpha-dec., 2 instr 


50 
60 


dupli. circuitry 


NR 


parity 


USS 80 /90 with tape 


supervisory control printer 
and keyboard, no chg 
yes 


up to 16 Uniservos 


NR 


complete 
contract 


143.85 kva 
1750 aq ft 


35 tons (approx 
not required 


$1,250,000 
$25,000 (avg 


avg)-1,500,000 
30,000 


Univac III 


none 

NR 

yes 

Spring 1962 
NR 


yes 
yes 
yes 
NR 


binary excess-3 
4 alpha-num 


binary 
6 digits 
4 digital, 6 alpha-num 


magnetic core 
32,768 
131,072 
4.5 weec icyck 
4.5 uecc 


none 


information not avail 
9 wecc 

NR 

76.5 to 184.5 peer 
NR 

76.5 to 312.5 puecc 
NR 


times for function dig 


card punch, 300 c /m 
card reader, 700 c/m 
line printer, 700 lines /‘m 
Uniservo III 

ard punch prtr., 900 


222,222 
yes 


single-address, multi-word 
operands 

74 

NR 

modulus 3, parity 


NR 


Univac I, Univac I1, USS 
80 /90 


console 


mass storage: 24 mil 
digits ‘unit 


32 Uniservo ITI, 16 Uni. I 
yes 

complete 

NR 

208 220 volts 

1849 sq ft 


21 tons 
not required 


$974,000 
$20,050 


avg)-1,376,500 
aveg)-30,580 


lines (‘m 


LARC 


yes- 1 
yes 1 
yes -1 
Nov. '60 


Ist mod. del. Spr "60 


yes 


NR 


decimal 


12 decimal 


5 decimal 


tape wound & mag. core 
97,500 
1,170,000 

4 pwaeecc 

4 waec 

100 

1200 

1 psec 

1 weec 

magnetic drums 
6.000 000 
72,000,000 

NR 

NR 


SP). 16 usec (DP 
usec (SP), 12 usec (DP 
psec (SP), 36 usec (DP 
psec (SP), 36 usec (DP 

SP), 184 usec (DP 
28 usec (SP), 168 usec (DP 
2 sep. comp. units 


32 usec 


Uniservo III (20 

Uniservo II (20 or 40 

Charactron film recorder (2 

high-speed printer 

other 1/O equipment as 
indicated for special 
application 

250,000 

1,0 completely independent 


tot. 40 


decimal, Fortran compiler 


170 
NR (Fortran compiler 


complete 


NR 


any Univac system 


yes 

2 comp. using same I O, stor 
yes 

NR 

NR 

350 kva 

3000 sq ft 


70 tons 
required 


$6,000,000 
$135,000 


typical) 
typical) 


SEA 3900 


NR 
yes--2 


yes —2 
at present 


NR 
NR 
yes 


NR 


binary -decimal 
no machine words used 


7(6 +1 


magnetic core 
4096 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 


no 
216 usec 


5590 yusec 
23,400 usec 


transfer 100 in 1000 usec 


punch tape reader, 400 ch /s 
punch card reader, 400 c/m 
magnetic tape unit 
typewriter, 10 ch/s 
high-speed printer 
magnetic drum 

magnetic tape 

as above 

yes 


3-address 


46 


15 (in use) others avail 


yes 
NR (%-hour daily maint.) 


NR 


NR 
magnetic drum 
add'l core, drum storage 


yes 


complete 


available 
220 volts 
2,000 sq ft 


yes 
not required 


$800,000 NF-2,500,000 NF 
$20,000 NF-62,500 NF 





Digital Computing Machine Survey 


Manufacturer 


Machine name 


Machines in use 
On order 
In production 
When available 
In research 

Application: Scientific 
Design enginecring 
Business 


Control 


Numerical code 
Charac. mach 
Bits mach. w 


Storage, Main 
Registers 


Cheracters 
Access time min 
Access time 
Rapid access: Registers 
Characters 
Access time —min 
Access time-—max 
Other 
Registers 
Characters 
Access time —min 
Access time —- max 
Arithmetic: Fitg. pt.? 
Addition —Fixed 


max 


Floating 
Multiplication 

Floating 
Division 

Floating 
Remarks 


Fixed 


Fixed 


Input-output equipment 


Mach. wds sex 
Calculation during 1/O 


Programming: Code 
Types of instructions 


Routines available 


Reliability: Auto. check 
Typical down-time 


Use with other systems 


Peripheral equip. rqd 
Optional 


Expansion potential 


Transistorized? 


Services to user 
Training 
Maintenance 


Power supply 
Environment req: Space 
Air conditioning 

Special flooring 


Cost: Purchase price 
Monthly rental 
Remarks 


within 30 to 60 days 


magnetic drum 


4096 


NR 

0 

16,700 yusex 
none 


NR 
2250 usec 


18,000 yaecc 


18,000 usec 


typewriter keyboard 
paper-tape reader, 10 ch s 
paper-tape punch, 10 ch s 
paper -tape rea t 
paper-tape punch, 20 ch/s 


jer, 200 


see above 


no 


single address, mnemoni 
16 


NR 


none 
5 


NR 


none 
high-speed punch & reader 
none 


110 to 120 volts 
NR 

not required 
not required 


$49,500 (min 
$1,100 (min 


Royal McBee Corporation 
Data Processing Div 
Port Chester, N. Y 


RPC-4000 


NR 
NR 
NR 
NR 
NR 


magnetic drum 


NR 


NR 

0 

16.700 wecc 
NR 

NR 

v0 

1,000 uae 
none 


NR 
1000 yweex 
repeat 


normal), 250 secc 


18,000 paex 


18.000 ywecc 


typewriter keyboard 
paper-tape reader, 60 ch/s 
paper-tape punch, 500 ch/s 
paper-tape reader, 30 chs 


paper -tape punch, 300 chs 


one-over-one, mnemonic 
42 


NR 


notc 
high-speed punch & reader 
none 


yes 

NR 

NR 

120 volts 
NR 

not required 
not required 


$87,500 (min 
$1,750 (min 


RPC .9000 


none 

yes 10 

yes 

from July 1960 o 


NR 
NR 
yes 


NR 


iclay bnes, mag. tape 


variable no limit 


2.6 parc 
26 paec 


variable 


0 
1.76 pace 
magnetic tape 
1,200,000 blocks 
120,000,000 

NR 

NR 


NR 


230 pecx 


variable 


variable 


tape typewriter systen 

reader, 400 « 
reader, 500 chs 
150 lines m 
666-1000 lines m 
00 ch s 


punch card 
photocelec 
line printer 
line printer 


high-speed punct 


characters per instruc 


$0 


parity 
unknown 


punched-card 


none 
yes 
yes. greet 


yes 


NR 
NR 


110 volts for control unit 


NR 
not required 
not required 


$120,000 (min 
$2,450 (min) 


Siemens und Halske AG 
Munich, Germany 


Siemens 2002 


200.000 


frum 
120,000 decimal digits 
NR 


19.000 pace (ave 


built-in 
90 pace 


450 ysecc 
1260 wecx 
1440 pece 
$1510 sere 
$420 perc 


punch tape, 200 ch s (I 
60 ch/s (O 

punch cards 108 ¢/s (1), 
42¢8(0 

line printer, 2000 lines s 


CRT analog display unit 


11,000 (besic machine ‘ime 


single address 
An 


IBM, Ampex card 
ANelex 


tape, 


NR 
yes 
great 


500 aq ft 
yes (temp. 17 


NR 


to 27 C) 


$200,000 to 1,000,000 
5,000 to $25,000 
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Standard Elektrik 
Lorenz AG, Stuttgart- 
Zuffenhausen, Germany 


ER 56 


yes 4 
yes 11 
NR 
NR 
NR 


yes 

NR 

yes 

NR 
bi-quinary 


6 plus sign, 12 plus sign 


irum 
200 of 1000 words (core 


core tape 


1400 or 7000 
NR 
NR 
10,000 words 


NR 


below pulse duration 


9000 max 


max 


drum, meg 
12,000 w 
84,000 
10,000 yacc 
NR 


tape 
drum), 2 mil 


tape 


eve.) (drum) 


optional 
200 yweec, 300 wore 

960 to 1100 pace 

320-670 waec, 620-2300 psec 
820 to 2260 pecc 

27960 peck 
7980 pace 
180 peee (Fx), 340 (FI 


9750 weec 
Comp 
punch-tape reader, 400 chs 
card reader, 400 c m 
2-card reader, 650 c/m 
line printer, 900 lines m 
mosaic printer, 100 ch s 
manual punch 

verifier 

teleprinter 


eee above 


yes 


single-eddress 
100 


100 
yes 
NR 


Informatik System 


none 
yes 
great 


yes 


complet 
complete 


220-380 volts 


400 to 1000 eq ft 
minimal requirements 


NR 
750,000 to 2,500,000 DM 


18,000 to 60,000 DM 
rental incl. maintenance 


OCTOBER 1960 


The Teleregister Corp. 
Stamford, Connecticut 


Telefile 


none 

yes 9 

yes 9 

January 1961 

5 dual and 1 triplex inst. 


NR 
NR 
yes 
yes 


binary coded decimal 
variable to 100 

5 dec. dig., 10/alpha. char 
disk 
max 


core, drum tape 


100 drums 


1,050,000 per drum 
20 peec 
$4,000 pace 


15,000 
0 

16 peec (per character 
100 disk files (max) 


core) 


25,000,000 per file 
NR 
NR 


none 


80 + 32 &« no. of operand ch 


5440 pecc (ave 


5488 psec (ave 


Branch -64 


Teller- Register (R 

Bank Keyeect and passbook 
printer (1/0 

Airline Keyset «ith printer 
1/0) 

Alphanumeric 
Keyeect and Printer (1/0 

punch card equip. (1/0 

typewriter 

NR 

yes, interlaced I O 


8-digit instruction code 
70 


300 


parity (1/0). programmed 
0.1 in dual installation 


no, system complete 


none 
yes 
to 29 subsystems 


yes 


complete 
complete on contract basis 


208 /120 volts 


200 sq ft per processor 
required 
not required 


NR 

NR 

variable according to number 
of components 


Thompson-Ramo-Wooldridge 
Beverly Hills, Calif 


RW.-300 


yes 18 

NR 

yes 

6 months’ delivery 


yes 

yes (simulation 

NR (data reduction 

yes (primary epplication 


binary 
17 bite plus sign 


magnetic drum, tape 

7936 words (increased cap 
avail 

NR 

0 

16,667 pecc 

128 words 

NR 

0 

2080 usec 

magnetic tape 

7,200,000 words (max) 

NR 

NR 

NR 


built-in 
910 yweec (with opt. stge.) 


33,300 waec (with opt. stge.) 
2,990 «asec (with opt. stge.) 
33,300 pace (with opt. 
3,120 waec (with opt. stge.) 
NR 
Branch: 650 yssec 
analog inputs (1024 max 
analog outputs (128 max) 
magnetic tape, 1920 w/s 
automatic typewriter (O 
peper-tape punch 
paper-tape reader 

X-Y plotter 

especial keyboard 


variable 
during analog 1 /O, mag. tape 


NR 


21 (basic) 150 (instructions) 


150 
parity on magnetic tape 
0.1° max) 


IBM 700 and 7000 series 


typewriter, paper tape unit 
yes 
yes-to 8 mag. tape trans 


yes 


complete 
complete available 


120 volts 


15 sq ft for main console 
room conditioning suggested 
not required 


$98,000 to 360,000 
NR 


Thompson-Ramo- Wooldridge 
Intellectronics Lab 
Canoga Park, Calif 


RW-400 “Polymorphic” 


yes 2 
yes 4 
yes 
1960 


yes 
yes (simulation 
yes 
yes 


binary 

4 

6 (binary-coded decimal 

core, drum, tape 

NR (modular design permits 
expansion) 

NR 


5 weec read /write cycle 


NR 
NR 
NR 
NR 
random access 
NR 
NR 
NR 
NR 


built-in 
15 paec 


NR 

50 psec 

NR 

140 psec 

NR 

square root: 180 yusec 
line printer, 980 lines /sec 
paper tape 

magnevic tape 
typewriter 

anelog plotter 

CRT display 
magnetic drum 
punched card 


variable 
yes 


two-address 
40 (basic 


NR 
44-word parity on transfer 
undefined 


via mag. tape IBM, Data- 
tron 

Flexowriter 

yes 

great (modular design) 


yes 


complete 
available 


variable (modular design) 


variable 
some required 
variable 


$300,000 (min) 
$5,000 (min) 


Zuse, K. G. 
Bad Hersfeld 
Germany 


ZUSE Z 22 R 


yes—37 
yes--8 
yes 8 
6 to 8 months’ delivery 


yes 
yes 
yes 
NR 


alpha-numeric) 
11-12 
38 bits per word 


magnetic core, drum 
8192 


NR 

300 usec 
NR 

31 

NR 

300 usec 
NR 

NR 

NR 

NR 

NR 

NR 


built-in 
600 ysec 


40,000-50,000 usec 
15,000 usec 
NR 

60,000 usec 
NR 

square root: 13,500 usec 
punched tape (1) 
punched-tape reader (O) 
teleprinter 


Freiburger Code (compiler) 

analytic code—18 bits in 
operation 

57 


oddity check 
NR 


NR 


none 
photoelectric reader 
yes 


NR 


complete 
by user 


220-380 volts 


45.3 sq ft 
cooling unit required 
not required 


$62,500 to 97,700 
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Properties of Polyester-Resin/Glass-Fiber Banding Rings 


MAURICE M. FELGER 
Fort Wayne Laboratory 
Generar Evecrraic Company 
Fort Wayne, Indiana 


WINDINGS OF rotating electrical equip- 
ment have always been restrained from 
centrifugal movement by a steel-wire 
banding system. In this system, some 
form of solid insulation is required be- 
tween the banding wire and the ele« 
trical conductors to prevent short cir 
cuiting. The insulation must be suf- 
ficiently wide to prevent flash-overs and 
physically strong enough to remain in 
tact for the life of the unit 

There are many published data on 
the physical and electrical properties 
of polyester structures reinforced with 
both glass cloth and mat. However, 
there are little data on resin unidire 
tional glass structures.* Recently resin 
glass-fiber bands have been used on 
selected equipments. This 
sents data that could be 
signing a resin/glass-fiber banding sys 
tem for a wide range of equipment. 

There are two general methods of 
applying 
structures. In one method, glass roving 
is saturated 
resin and wound into the 
ture under 
other, the band is wound with tension 
from roving which has been pretreated 
with a 
In each case, the resin/glass structure 
is cured by application of heat. Since 
these structures 
tors, the solid insulator required under 
a banding wire is eliminated. 

Pretreatment of the glass roving con- 
sists of impregnation with a solution 
of catalyzed polyster resin and a solid 
thermoplastic resin. The proportions of 
the polyester and the thermoplastic 
resin are such that a slightly tacky 
solid remains on the glass after the 
solvent evaporates. The impregnating 
resin for the pretreated glass described 
in this report was General Electric 3405 
Permafil. Table I illustrates 
construction and materials 


report pre 


used in de- 


these resin glass banding 


with a catalyzed liquid 


band struc 


suitable tension. In the 


catalyzed “semi-solid” resin. 


are electrical insula- 


types of 
used. 
© “Polyester-Glass Tape for Mote 


formers,” Execreicat Manusactruninc, 
p i112 


186 


Effect of temperature on flexural modu- 


lus of glassroving polyester bars. 


Changes in Length During Cure 


banding-ring structure has 
the length of the 


no change 


After a 


been placed, ring 
should undergo essentially 
during the resin cure. An increase in 
length would give a loose band, while 
shrinkage would give increased stresses 


on the electrical structure. During the 
cure of the polyester resin several fa 
affect the final length of the 


structure. These are 


tors may 


(1) expansion and contraction of the 
glass fibers during the thermal curing cycle; 

(2) volume shrinkage of the polyester 
glass 


heat 


(3) longitudinal adjustment of the 
fibers during the initial part of the 
cure when the resin viscosity is low; 
tension on fibers 


(4) initial the glass 


Cure of Rod Structures at 
Constant Length 

Rod structures were cured while po- 
sitioned in a recording tensile machine 
(Instron). These rods were 20 in. long 
and approximately 0.250 in. diam and 


were spirally wrapped with very thin 
(l-mil) polyester film to give a slight 
compressive force during cure. Two 
infrared strip heaters on opposite sides 
of the structure produced the heat for 
the cure 

Before 


of 120 lb was placed on the resin-im 


start of the cure, a tension 
pregnated glass structure, followed by 


a slight initial relaxation. Heat was 
then applied and changes in force dur 
recorded As the 


rose. the 


ing the cure were 


temperature force decreased 


and then remained constant after at 


taining constant temperature. At the 


end of 15 min at constant force and 


temperature, the heat source was re- 
moved. The force immediately increased 
and approached, in some cases reach 
ing, the starting tension 


disk 


This structure was wound on 


\ 
which was flanged 


the periphery of 
and grooved to accommodate the resin 
glass band. The groove was 12 in. diam, 
, deep. The ring 


» in. wide and %%& in 
fixture was split on a diameter, each 
half having a clevis opposite the split 
for attachment to the tensile machine 


Cure of Ring Structures 
The test ring was wound with a ten 
sion of 200 lb using 


(Table 1) The disk 


closed by an infrared-heated 


construction C 
fixture was en 
chamber 
An initial 
tension of 8000 psi was applied at the 


during the curing operation 
start of the cure. The changes in ten 


sion and temperature were then re 
corded, showing a decrease in tension 
After the 
band was cured, it was allowed to re 
A slight in- 
tension occurred, 


of * one-half 


as the temperature increased 


turn to room temperature 
crease in giving a 


final tension that of the 


original 


Table I—Resin/Glass Banding-Ring Constructions 
Ss lense dence 


Designation Resin 
30 ends 
30 ends 

120 ends 
60 ends 


GE 3405 
GE 3405 
GE 3405 
Laminac 4128 


Glass construction 


Supplier 


150, 2/2 yarn 
150, 2/2 yarn 
150 roving 
867 roving 


Chicago Printed String Co 
Varflex Corporation 
General Electric Co 
American Cyanamid Co 
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The elongation of the band was 
measured by restoring the tension to 
the original force of 8000 psi. Elonga- 
tion was 0.030 in. for the 12-in. diam 
band, or 0.08 per cent. This elongation 
is higher than found for rod structures, 
probably resulting from the nesting of 
the glass roving nearer the center of 
the band structure. 

It may then be concluded that: 


@ There is no significant change in 
length of unidirectional glass/polyester 
resin structures during cure under moder 
ate tension. 

@ The maximum elongation measured for 
a rod structure was 0.04 per cent, and for 
a ring structure, 0.08 per cent. The higher 
elongation of ring structures results from 
better alignment and compacting of the 
glass fibers to the inside of the band as 
the resin softens during the initial stage of 
the cure. 


Properties of Polyester, 
Unidirectional Gless-Fiber Structures 
Modulus in flexure, modulus in ten 
sion and tensile strength were deter- 
mined at room temperature. Test bars 
were cured in a mold with the glass 
roving under tension. A slight pressure 
was used to give a compact structure. 
These bars were 0.175 x 0.375 x 10 in 
They were cured 20 min in the fixture 
at 150 C and were given a post cure 
of 30 min at the same temperature. The 
ring structures were constructed on the 
diam disk 
and were given an equivalent cure at 
150 C. Results are shown in Table II. 
The values measured for the tensile 


previously described 12-in. 


strength of the bars are somewhat vari- 
able and are probably lower than the 
true values. This resulted from fiber 
damage during machining of the test 
samples. 

The resin used to pretreat the glass 
roving contains Formvar. These cured 
structures were found to have a greater 
decrease in flexural modulus at higher 
temperatures than the structure con. 
taining only the thermosetting polyester 
resin. The accompanying graph shows 
these results, from room temperature 
to 125 C, 

Both bar and ring structures were 
given six cycles under the following 
conditions: 


Table I!—Physical Properties of Glass-Polyester Structures (at Room Temperature) 
relia seacisiesihleiicninedmaecioeiete alee thane aT a 


| 
| 


(10° psi) 


Construction 
A-bar 
B-bar 
C-bar 
D-bar 


Ring from treated glass 
roving 


Ring from resin & roving 


Flexural modulus 


| 
Range | Average | Range Average 


Tensile modulus | 
(10° psi) 


Tensile strength 
(10° psi) 


77.5, 103.6, 77.6 


4 4.8 


84.2, 82.5 


90.2 


1 104.9, 94.0 
6 


6 6.6 105.6, 85.6 


Table ii—Effect of Thermal and Humidity Cycling on the Properties of 


Glass-Polyester Structures 


Tensile modulus | 


Structure (10* psi) 


and ; ro 

Initial | Cycled 

3 5 5 

eS f.¢3 6 
6 


construction Initial 


Cycled 


Bar, 4.9 
construction A 5.4 


Bar, 


construction B 


Bar, 


construction C 


Bar, 


construction D 


Ring, 
construction C 


Ring, 
“onstruction D 


Thermal aging 
104 hr at 150 ¢ 
Humidity exposure 
64 hr at 90 F/90 per cent RH 
Vibration (bars only) 
1 hr at 60 cps, amplitude of 
0.012 in. at end of 10-in. bar 
Table Ill 


shows that no significant 


Thermal Analog of Tubes for Temperature Tests 


MELVIN F. SILVERSTEIN 
NORMAN M. FINE 
Researcu Councit Ine. 
Waltham, Massachusetts 


WHERE ELECTRONIC COMPONENT relia- 
bility is concerned, the electron tube is 
generally considered to be the com- 
ponent with the poorest life expectancy. 


OCTOBER 1960 


Realistic prediction of the life of tubes 
has been a constant goal of reliability 
engineers. It is well known also that 
heat is the principal cause of electron- 
tube failures. Over-heating of tube ele- 
ments various deleterious 
effects. More particularly, over-heating 
of the tube’s glass envelope can cause 
serious degradation of tube life. Re- 


produces 


Flexural modulus 


Tensie strength 


(10* psi) (10? psi) 


Initial 


changes in the measured properties 
occurred as a result of the exposure 
cycling used. Oooo 
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sulting failures may be broadly classi- 
fied into two groups: catastrophic 
failures resulting from glass electrolysis, 
cracks and redeposition of barium on 
other elements; and long-term failures 
due to gradual gas evolution. 

The study of these heating problems 
in a glass-enclosed electron tube is 
dependent upon a knowledge of the 
temperature of the plate or anode of 
the tube. This is due, of course, to the 
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fact that the plate usually surrounds 
the cathode, which reaches a thermal 
equilibrium by radiation to the plate. 
Plate temperature is also affected by 
the temperatures of the bulb and other 
elements in the tube. Plate temperature 
is thus a good index of the thermal con- 
dition of a tube. 

To provide a means of measuring the 
over-heating effects in a tube, a thermal 


Fig. 1—Thermion tube (left) is physical 
analog of electron tube (right) to be 
used in studying thermal problems. 


emperoture, deg C 


46 8 10 i2 4 16 18 20 
Heoter power, wotts 


Fig. 2—Typical anode and bulbtempera- 
ture characteristics. Solid lines indicate 
values obtained in testing with a Therm- 
ion. Dashed line is for a 6AQ5 tube. 


analog of the electron tube has been de- 
veloped. This is the “Thermion” shown 
in Fig. 1. Externally, the Thermion is 
physically identical to the tube which 
it is to represent. Internally, it contains 
a carefully designed, controlled and 
tested heating element within the anode 
to establish the equivalent thermal 
structure of a conventional tube. This 
element dissipates power at values up 
to the maximum capability of tubes of 
the same size. Power is thus radiated 
to the plate which, in turn, radiates the 
heat through the glass bulb. 

The Thermion thus duplicates the 
principal modes of heat transfer of 
the electron tube. The temperature of 
the anode is measured by means of 
a thermocouple. In addition, to obtain 
the temperature of the bulb, a thermo- 


Detection of Vibration by Ultrasonics 


P. ANDERSON and E. J. ELLEGATE 
Knolls Atomic Power Laboratory* 
Genera Evecrric Company 
Schenectady, N. Y. 


DETECTION OF VIBRATION in the inter- 
nal components of high-velocity flow 
systems can be readily accomplished 
through the use of ultrasonics. In many 
cases, especially if the fluid-flow pat- 
tern is a factor, the ultrasonic techni- 
qre has a major advantage over the 
strain gages conventionally used, since 
the flow pattern is not disturbed. Also, 
other conventional external vibration- 
detection equipment frequently has dif- 
ficulty in distinguishing between move- 
ments of internal components and ex- 
ternal movements of the assembly as 
a whole. 

Conventional non-destructive 
detection equipment having a radio- 
frequency presentation screen is used. 
The signal generates ultrasonic pulses 


flow- 


* Operated by the General Electric Company for the 
United States Atomic Energy Commission. 
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by producing a radio-frequency pulse 
of the desired frequency at a precise 
time, then converts the pulse into ul- 
trasonic vibration by means of a pie- 
zoelectric crystal. The crystal expands 
and contracts for a controllable period 
of time, resulting in a burst of sound 
waves, which travels through the med- 
jum under test to the opposite bound- 
ary or area of large density change. It 
is then reflected back to the 
as an echo, and appears on the cathode- 


source 


ray tube or screen as a vertical pip or 
indication. These short bursts are trans- 
mitted and received at a predetermined 
repetition rate of 60 to 1000 cps. The 
test equipment used in the work at 
KAPL is capable of producing sound 
frequency 


9 96 


b-4%), 


transmission in several 
ranges in the magnitude of 0.5, 1, 
5 and 10 me. 

The technique can best be illustrated 
by filling a glass or metal tank with 
and placing a 
search unit on the outside of the con- 


The 


water, transducer or 


tainer. sample to be tested is 


couple is located inside the bulb where 
it will present no obstacle to shields 
or other equipment. Figure 2 shows the 
thermal characteristics of a T7L5 
Thermion mounted freely in a 25 C 
ambient. The anode temperature of a 
6AQ5 is also shown to illustrate the 
cerrespondence between the test values 
obtained with a Thermion and those 
actually encountered. 

Figure 3 illustrates the use that may 
be made of the Thermion in running 
tests to determine the most advantage- 
ous type of shielding to use. Various 
Thermion types are available to be 
used as analogs of a variety of tube 
types. O00 





Bulb tempercture, deg C 





Environmentol temperoture, deg C 


Fig. 3—Results of test using Thermion to 
determine effects of shielding on bulb 
temperature, Power input is 15 watts. 


then placed in the center of the tank 


and immersed in the water as far as 
possible, in such a manner that one- 
half of the sound beam will be blocked. 
Two vertical signals of approximately 
the same height will appear on the 
Heights of both will 


appear as half the screen in magnitude 


screen. signals 
The first signal, located in the center 
of the subject 
under test, while the second indicates 


screen, represents the 
the opposite wall of the container, lo- 
cated at the far right of the screen, and 
is called the back reflection (Figs. 1 
and 2). 

By moving the subject under test 
nearer the transducer, the center sig- 
nal will move to the left of the screen 
initial which 
transducer. This 
moving back and forth on the screen 


toward the pulse, 


resents the 


rep- 
signal 


represents a horizontal movement, Fig 
3. Vertical movement of this signal oc- 
curs when the sample under test is 
moved at any angle in front of the 
sound path or when a component with- 
in the sample vibrates from the ab- 
solutely vertical, Fig. 4. If the subject 
under test has no component vibration, 
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Fig. 1—As used for ultrasonic testing of 
vibration, a tank 3 ft in diam will pro- 
duce a back-reflection signal on the 
oscilloscope screen as at B, whereas a 
smaller tank (right) will produce a back- 
reflection signal with smailer displace- 


ment, C. The initial pulse from the transducer appears on the oscilloscope screen as 


a signal or pip at the far left. 


the signal is strong and at a constant 
position on the screen. If vibration is 
present, the attenuates and 
changes in position on the oscilloscope 


signal 


screen, showing the moving position of 
the vibrating component in relation to 
the transducer. 

By adjusting the sweep control on 
the ultrasonic equipment, the reflected 
signal may be moved to the right or 
left on the screen. However, the main 
purpose of the adjustment is to main- 
tain a full-screen view of the subject 
between the initial pulse and the op- 
posite boundary. 

Numerous tests have been run on 
high-velocity flow systems. All of the 
tests performed have been by the con- 
method using high- 
vacuum grease as a transmitting or 


tact pulse-echo 


coupling medium between the trans- 
ducer and test section. At the present 
time, the extreme limits of vibration 
frequency and amplitude of movement 
that can be unknown. 
However, it is known that a vibration 
of 30 cps with an amplitude of 0.003 
in. and greater can easily be detected. 

Several factors determine the set-up 


detected are 


Fig. 5 (left)- 
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Fig. 3—The effect on the visible signal 
of test-object approaching the 
transducer: the signal representing the 
object moves horizontally. 


procedure for the ultrasonic test equip- 
ment required in the detection of vi- 
bration. For example. the highest fre- 
quency utilized in the work at KAPL 
is 10 mc, which gives the most sensi- 
tive test. In so doing, however, the 
penetrating power, which is the dis- 


tance the sound will travel, is reduced 


Fig. 2—The effect of inserting an object 
in the tank so as to block one half of 
the sound beam: two vertical signals of 
the same height appear on the screen. 


Fig. 4—Vertical movement of the visible 
signal occurs when the test object moves 


(or vibrates) from a vertical position. 


considerably. The average and most 
compatible frequency used on all the 
work to date has been 2.25 mc. An 
other important factor is the number 
of interfaces between the transducer 
and the vibrating component, plus the 
distance between these interfaces. From 


each interface there is approximately 





Oscillogram of a vibration test, showing calibrated lattice employed for evaluating vertical movements. Fig. 6 
(right) —Graphic presentation of results of vibration test, with flow through test section of 25 ft per sec. 
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a 90 per cent loss of sound and after 
four interfaces, practically no sound 
is reflected back to the transducer. 

The initial test assembly used in 
conducting the vibration studies was in- 
serted in a Plexiglass housing having 
a flange at each end connected to a 
10-in. pipe, which in turn was part 
of a high-velocity flow loop. This loop 
was designed to give a maximum flow 
rate of AQ ft/sec. Flow rates are var- 
jable from 0 to 40 ft/sec to check vi- 
bration at different rates. Subsequent 
tests were performed on metal housings 
with flow rates up to 60 ft/sec. 

After several preliminary surveys, 
test equipment settings that would 
give maximum sensitivity to the detec- 
tion of vibration in the housing were 
established. The settings were then 


not varied throughout the subsequent 
tests, so as to maintain accurate cor- 
relation between different design 
changes of the subject under test. 
The ultrasonic test equipment was set 
up to transmit and receive as many 
vertical pips as possible. In most tests 
these ranged from 10 to 30. Height 
and vertical movement of these pips 
were measured with a transparent win- 
dow chart marked with 0.1-in. squares. 
This chart was placed in front of the 
cathode-ray tube screen, Fig. 5. Signals 
0.3 in. high or over were recorded. It 
was found that to do this, the per- 
centage of moving indications must 
have a vertical movement of 0.025 in. 
or greater. 

Because of the shape of the signal 
pattern on the cathode-ray screen, it 
is difficult to measure horizontal move- 
ment accurately. A measuring system 
consisting of four arbitrary steps was 
devised, with “O” signifying no hori- 
zontal movement and “4” a great 
amount of movement. Any movement 
above “2,” however, indicated that 
something was drastically wrong with 
the item under test. 

The next step in the system is the 
recording of this information on a 


Linear Motor-Load Indicator* 


LOAD-INDICATOR instruments for induc- 
tion motors have traditionally been a-c 
ammeters of the moving iron type, with 
the scale marked either in per cent 
load or actual horsepower. For motors 
loaded above 50 per cent, the current 
is a good indicator of horsepower out- 
put: below this value the current is no 





O 20 40 60 80 100 110 140 160 
Horsepower, per cent 
Fig. 1— Input power and current curves 
for 8-pole, 900-rpm and 4-pole, 1800-rpm 
3-phase induction motors, 20 hp, 440 volts 
and 60 cycles. 
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longer proportional to horsepower out- 
put. At no load, the motor current is 
mostly magnetizing current, which may 
be quite large. A typical 1800-rpm mo- 
tor, for example, will have a no-load 
current of 25 per cent full-load cur- 
rent; slower speed motors, even larger. 

In Fig. 1, the high no-load current 
is readily apparent. It can also be seen 
that the power input is more linearly 
related to horsepower output than cur- 
rent. Power input to an induction mo- 
tor includes iron loss, friction and 
windage, stator copper loss, rotor cop- 
per loss, and mechanical output. The 
first two may be considered as fixed 
losses. The rotor and stator copper 
losses are but a small fraction of the 
load. This accounts for the almost 
linear kw vs horsepower characteristic 
of Fig. 1. Except for its relatively high 
cost, a wattmeter could therefore be 
used as a load indicator. 

The power input to a 3-phase motor 
is V3 X El cos@. With fixed line volt- 
age, the power input is proportional 
to I cos#. An instrument which re- 
sponds to | cos@ would indicate only 
the energy component of current and 
would not respond to magnetizing cur- 


* Abstracted from the paper “Application of Wide 
Range Motor Load Indicator to Surface Grinder,” by 
Kendall H. Spencer (The Blanchard Machine Co., 
Cambridge, Mass.) and J. T. Wintermute (Meter Div ° 
Westinghouse Electric Corp., Newark, N. J.), pre 
sented at the 24th Annual Westinghouse Machine 
Tool Forum, Pittsburgh, Pa., April 26-27, 1960, 


graph. This gives a fairly clear pic: 
ture of where the vibration is occurring 
and how different flow rates affect the 
intensity of vibrations (Fig. 6). 

Intensity of vibration is determinea 
by multiplying the per cent of move- 
ment of the pip by the vertical move- 
ment measured on the scale. This in- 
tensity measurement gives an overall 
picture of how severe the vibration is 
in the component being tested. 

In performing tests such as these, 
there are two factors that can result 
in incorrect readings. These are the 
presence of air in the system; and 
cavitation, or too great a pressure drop 
from the inlet to the outlet of the test 
section. Air bubbles in the system will 
cause attenuation of the vertical sig- 
nals. Testing at the inlet pipe will 
determine the presence of air bubbles. 
Cavitation can best be detected by 
sweeping the signals in to the left of the 
screen and watching the sweep line. 
If cavitation exists, the sweep, or base 
line, will be erratic, thus giving a pre- 
sentation similar to electrical inter- 
ference. Most of the time cavitation 
will be audible and can be remedied 
by back-pressuring the loop to lessen 
the pressure drop. OoOoc 


\ 
Range - changing 
inks 


| | To secondory of 
current transformer 


n Phose B 


Fig. 2—Circuit diagram of ac motor 
load indicator using a d-c milliammeter. 


rents which would be displaced 90 
deg from the voltage (cos 90 deg == 
0.0). Such an instrument would have 
only a small error at very light loads 
(it would respond to the iron, friction 
and windage losses, unless suppressed ) 
and would have a uniform scale. 

By using an appropriate network 
which will indicate the in-phase or 
power component of the current (/ 
cos), a d-c milliammeter can be used 
for measurements of motor power 
input. Such an instrument has been 
developed by using the network shown 
in Fig. 2 consisting of a small trans- 
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former, a ring modulator er bridge 
rectifier, and series resistors. The stand- 
ard instrument is designed to operate 
from an external current transformer 
to give 5 amp secondary current at 
150 per cent load (assuming 0.86 power 
factor). The instrument can be con- 
nected for either single- or 3-phase 
operation. 

For 3-phase operation, terminals A, 
B, and C are connected to the line and 
current flows through R,, R., and the 


ring modulator rectifiers D,, D,, Ds 
and D,. This current acts as a switch- 
ing current and causes the individual 
rectifiers to conduct or fail to conduct 
the current flowing in the secondary 
of T, (which is proportional to the 
motor current) according to the polar- 
ity of the line voltage. The rectified 
current flows through the d-c instru- 
ment M, and its value is a function of 
the magnitude of the current in 7, 
and the phase relation dbetween this 
current and the line voltage. Since the 
current through the resistors is a 
switching current only, a single value 
of resistor will cover a wide range of 
line voltages. One standard design pro- 
vides range-changing links to enable 
operation on both 190- and 280-volt and 
350- to 550-volt circuits. 

The net result of using a d-c in- 
strument this way is a longer, more 
open scale, Fig. 3, with good sensi- 
tivity at light loads without sacrificing 


Zinc-Oxygen Fuel Cell Powers Midget Car 


Prototype fuel cell which produces electricity from the oxidation of zinc powder is 
under development by Exide Industrial Division of Electric Storage Battery Company 
for ultimately powering electric industrial material-handling trucks. Bottled oxygen 
is admitted to cell at reduced pressure of 9 psi. Zinc, in powder form for greater area 
contact, is packed in perforated polyvinyl chloride tubes arranged in 18 cells. Each 
cell produces 1.5 volts for a 27-volt total. Capacity is 200 amp-hr, after which cell 
may be recharged by deoxidizing the zine powder, which acts as negative plate. 
Electrolyte is potassium hydroxide. Exide’s cell is said to be several times more 
powerful per cubic foot than fuel cells employing hydrogen or propane. A dozen 
manufacturers of industrial trucks are cooperating with Exide in this develop 


ment. 


Fig. 3—— Motor load indicator which re- 
sponds linearly to | cos, 


scale deflection at higher loads. Used 
in conjunction with a ring-type current 
transformer, one instrument, with a 
dial marked in per cent load, can be 
used with motors with line currents 
from 13.5 to 200 amp. Oooo 


Oooo 


The Use of Variable Fiducial States in Logic Design 


PAUL KINTNER, Consultant 
Research and Engineering Division 
Armsorne INSTRUMENTS LABORATORY 
Melville, L. I, N. Y. 


THE DESIGNER of logic switching cir- 
cuits has a variety of switching com- 
ponents at his disposal—such as relays, 
diodes, transistors, magnetic elements, 
etc.—to enable him to translate an ab- 
stract logic switching function into a 
logic switching circuit. He has at his 
command another powerful tool to as- 
sist him in synthesizing a switching 
circuit: the variable fiducial state. A 
fiducial state is that physical state of 
the switching circuit which represents 
the “1” (or “true”) value of the logic 
switching function and its variables. 
Far from remaining the same through- 
out a switching circuit, the fiducial 
state is capable of heing changed 
throughout the circuit by the designer 
as he sees fit. This is not particularly 
advantageous where the switching cir- 
cuitry is non-inverting (i.e., with di- 
odes); however, with inverting cir- 
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cuitry, such as direct-coupled transis- 
tor and resistance-coupled transistor 
switching circuitry, this characteristic 
is of the greatest significance because 
the elementary Boolean functions (ANp, 
or, and Not) may thereby be syn- 
thesized directly without a laborious 
manipulation of the logic equations.* 

A typical resistance-coupled tran- 
sistor switching circuit, using a p-n-p 
transistor, is shown in Fig. 1. (Bias 
voltages are not shown.) The physical 
switching behavior can be summarized 
as follows: 


Inputs Outpul 


* See Socieeing, Aatiotine of Boolean Algebra, 
an Evecreicat amuractusinc combined reprint, 
p 229. Also “Logic—and Switching Circuits,”’ Alice 
Mary Hilton, April 1960 Execraica Manuracronine. 


te 


Fig. 1 — Resistance-couple transistor 
switching circuit. 


If we assume a constant negative fidu- 
cial state, the switching function de- 
veloped is as follows: 


| Function 


Cc 

l 
oF 
0 
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This is the dual-stroke function, some- 
times termed the nor function. If we 
choose ground for the fiducial state, 
the switching function developed is as 
follows: 


Variables Function 


This is the Sheffer-stroke function. 
There are perfectly valid logic design 
features using these functions; how- 
ever, most designers find them strange 
and difficult to manage.* The use of 
variable fiducial states solves this prob- 
lem. If a fiducial state of ground is 
chosen for the inputs of the circuit 
shown in Fig. 1, for example, and a 
fiducial state of negative is chosen for 
the output, the switching function de- 
veloped is as follows: 


Variables Function 


f 


I 
0 
0 
0 


This is, of course, the familiar Boolean 
AND function. 

Similarly, if we choose a fiducial 
state of negative on the input and 
ground on the output, the switching 
function is as follows: 


This is the Boolean on function. 
Synthesizing functions by variable 
fiducial states requires some manner 
of indicating the fiducial] state that is 
chosen. Several conventions are pos- 
sible: one (applied to the logical flow 
diagram representation of a switching 
circuit) is to use a solid line to repre- 


* “Logical Design Using the Stroke Function,” L.N.T. 


Gresamore, L.S. Rotalo and C.0. | yeki, IRE Trans. 
on Electron Computers, Vol EC » pp 181.183, 
June 1958 
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0) AND symb< b) OR symbol 


Fig. 2—Symbols for aNp and or using 
circuit shown in Fig. 1; a ground fiducial 
state is represented by a solid line and a 
negative fiducial state by a dashed line. 


Fig. 3—Logic diagram for F — E( AB 4 
CD) using a variable fiducial state. 


_—aoe =r 
8eo---oOr or 


Fig. {—Symbol for B inhibiting A. 


-4 + 


Fig. 5—Symbols for “invert” element. 


—1}—- ---|}-—- 


Fig. 6—Symbols for not switching ele- 
ment. 


Fig. 7—Symbol for interchange. Shown 
is the fiducial state being changed from 
ground to negative, A being logically 
negated at the same time. 


sent one fiducial state and a dashed 
line to represent the opposite state. 
Thus, a solid line for the circuit shown 
in Fig. 1 could represent a ground 
fiducial state, and a dashed line could 
represent a negative fiducial state, and 
the AND and or symbols may be in- 
dicated as shown in Fig. 2. Logic func- 
tions in the Boolean form may now be 
synthesized directly. For example, the 
expression F = E(AB +- CD) is di- 
rectly synthesized, as shown in Fig. 3. 
The output is generated in the negative 
fiducial state. 

Some interesting functions are de- 
veloped if different fiducial states are 
chosen for the inputs. For example, 
assume a fiducial state of ground for 
the A input, a state of negative for B 


input, and a state of negative for the 
output. The logic switching function 
becomes as follows: 


——— 


Variables Function 


Cc 


I 
0 
0 
0 


This function can be described as “B 
inhibiting A”. A symbol for the ele- 
ment, when this function is generated, 
is shown in Fig. 4. The physical be- 
havior of a_ single-input 
shown in Fig. 


version as 
is as follows: 


Input Output 


Ground Negative 


Negative Ground 


Assume a fiducial state of ground for 
the input and a state of negative for 
the output. The logic 
follows: 


function is as 


— 


Variable Function 


I I 
0 0 


———__————qe- oe 


Similarly, assuming a state of negative 
for the input and ground for the out- 
put, we obtain the logic function as 


follows: 


Variable Function 


0 0 


Evidently a logic identity function is 
developed. With these fiducial-state 
choices, the fiducial state is changed, 
but the logic value remains unchanged. 
The importance of using the element 
in this manner is evident, because it 
enables the designer to obtain the cor- 
rect fiducial state even when it is not 
at hand. The element with these fiducial 
states is called an “invert” element; 
symbols are shown in Fig. 5. 

The not switching function is de- 
veloped when the same fiducial state 
is chosen for both the input and the 
output; symbols are shown in Fig. 6. 
Occasionally, the designer will find it 
necessary simultaneously to change the 
fiducial state and to negate the logic 
value. It is obvious that connecting 
two elements in tandem, one to act as 
an “invert” and the other as a NOT, 
represents a redundancy since there is 
no difference between the input and 
output of the combination. Elimination 
of such a redundancy is simply a 
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We Can Make Precision Ceramic -to- Metal 
Assemblies for Your Stock or Special Requirements 


Golden, contact the Coors regional 
sales manager nearest you, or write 
for new bulletin. 


On your right is a specialized 
ceramic-to-metal assembly that we 
make in small quantity. This 
vacuum tight assembly includes sev- 
eral thicknesses of metal, two sizes 
of ceramic envelopes, brazed to- 
gether with close dimensional toler- 
ances 

On your left are some of our 
stock terminal insulators. They are 
made in large runs for economical, 
off-the-shelf delivery. We also have 
customers who require large runs 
of ceramic-to-metal assemblies to 
meet their own production demands. 


Coors furnishes either metalized 
ceramic parts ready for brazing by 
the customer, or complete ceramic- 
to-metal assemblies in sizes up to 
10” OD by 12” length. High tem- 
perature subsequent brazes can be 
made up to 1500° F. Braze bond 
strengths are from 9,000 to 12,000 
PSI. Coors offers a variety of 
alumina or beryllia ceramic ma- 
terials for use in your metalized 
assemblies. 

If you need ceramic-to-metal 
assemblies, in quantity or proto- 
type, get in touch with us here in 


REGIONAL SALES MANAGERS 
W est Coast -eeWilliam S. Smith, Jr. 
EM 6-8129 — Redwood City, Calif. 
pisinonpade John E. Marozeck 
FR 2-7100 — Chicago, III. 


Midwest 


Central 
GL 4-9638 — Canton, Ohio 
-wJOhn J. McManus 
MA 7-3996 — Manhasset, N. Y. 
Warren G. McDonald 
FR 4-0663 — Schenectady, N. Y. 
-tmmelenneth R. Lundy 
DA 17-5716 — Dallas, Texas 
eee William H. Ramsey 
UN 4-6369 — Houston, Texas 


East Coast 
New England 
Southwest 


Southwest 
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DESIGN Trends 


matter of symbolic manipulation based 
on adopting the rule that a change in 
fiducial state can be made without the 
use of physical elements, if—at the 
same time—the logic is inverted, and 


vice versa. The symbolic operation has - 


been termed an “interchange”; a sym- 
bol, as shown in Fig. 7, has been 
adopted. 


Synthesizing a logic function with 
resistance-coupled transistor circuits 
through variable fiducial states is sim- 
ple by the following step-by-step pro- 
cedure: 


1. The logic equations are expressed in 
terms of the Boolean functions. 

2. The logic diagram is constructed us- 
ing the symbols shown in Figs. 2 and 6 to 
designate the AND, on and NoT operations. 

3. “Invert” elements are introduced when 
the correct fiducial state is not available 
for insertion to one of the elements listed 
in Step 2. 

4. The “interchange” symbol is used to 
eliminate or avoid redundancies given by 
“invert”-Not combinations. 


Sleeve Bearing Runs on Hydrodynamic Oil Film 





100 0 120 [30 140 150 i60 


A base life of 20,000 hr. no metal-to- 
metal contact, and a self-contained re- 
circulating oil system are features of 
the “Hy-Film” sleeve-bearing line (Fig 
(Fig. 2) is 
obtained by providing a hydrodynamic 


1). Long life expectancy 


oil film between the steel inner race 
and babbitt-lined bushing. Figure 3 il- 
lustrates the operation of the bearing 


Fig. 1 — Sleeve bearing with oil-film-sup 
ported inner race is permanently lobri- 
cated. 


70 180 190 200 


Beoring tempercture, deg F 


Horsepower loss 


Fig. 2—Life expectancy of typical “Hy-Film” bearing (203Q). Follow proper rpm 
curve to intersection of applicable ambient line. Then read in each of four directions 
for the following information: Read down for operating temperature. Read left for 
torque. Read up in proper rpm scale for expected life. Read right for hp loss. 
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We know from experience that this 
procedure greatly simplifies the task 
of the logic designer when he synthe- 
sizes switching functions using invert- 
ing circuitry, such as the resistance- 
coupled transistor switching element. 
The variable fiducial state, however, 
which is more complex than a constant 
fiducial state, must be introduced. This 
complexity is not only offset by the 
fact that the logic concepts expressed 
in the switching circuit can be con- 
fined to the familiar boolean functions, 
but the designer’s work has thereby 


been simplified considerably. OOO 


lubrication system, which is sealed and 
self-metering. 

These bearings, which have an oper- 
ating temperature range from —25 to 
}.200 F, provide a reduction in bear- 
ing-transmitted noise and vibration, at- 
tributable to the cushioning effect of 
the oil film 

Standard stock “Hy-Film” 
with bores from 8 to 40 mm are manu 


3750 F 


bearings 


factured by Tann Bearing Co.., 
Outer Dr Detroit 44 


Fig. 3— View of oil-film-supported bear- 
ing and operation of lubrication system. 
(1) Oil is drawn from window through 
Permawick self-wicking reservoir. (2) 
Rotation of bearing inner race under load 
generates hydrodynamic oil film. (3) 
Film pressure forces oil to bearing ends 
and lubricates thrust washers. (4) Oil 
slinger picks up oil from thrust washer 
and returns it to oil-retaining cup. Here 
it is reabsorbed by Permawick through 
the oil-return hole. 
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How SHAKEPROOF Protects Your Product’s Reputation 


Here is the answer to one of industry's toughest 
problems... how to reduce costly inspection re- 
jects and avoid customer complaints due to fas- 
tening failure. 


Shakeproof engineers have gathered formidable evidence 
that only one washer locks... where others fail! Their find- 
ings, just published in the booklet offered at the right, prove 
that “weight and thickness" don't lock a fastener, and that 
“spring action" alone isn't locking action. 


They have conducted tests with various types of washers 
commonly used for protection against failure caused by 
handling and operational vibration. Results show that only 


Shakeproof Lock Washers retained 100% relative locking 
efficiency. 


Be sure to protect your product's performance and reputa- 
tion with the one top-quality, top-per- 
formance lock washer... Specify | 
SHAKEPROOF...the original toothed 
lock washer! 


Send for this Free Booklet Today—it 
is filled with factual test data and actual 
case histories which show how you can 
be sure of quality at every step in the 
assembly of your product. 


A 4 


SHAKEPROOF 
THE WASHER 


THAT LOCKS 
WHERE OTHERS 
FAIL! 


STANDARD SHAKEPROOF LOCK WASHERS 


INCLUDE: 


"OO « #480 GC 


Countersunk 
Type Type 


Internal 
Type 


ean 
Type 


Heavy Duty 
Internal Type 


ae Internal 


Dished Type 
Toothed or Plain Periphery 


Pyramidal 
Type 


Dome Type 
Toothed or Plain Periphery 


* it SHAKEPROOP ‘Susltening Headquarters” 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charies Road, Elgin, Illinois 


wy : in Canada SHAKEPROOF FASTEX Division of Canada Iilincis Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
ea | a we 
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PYLE-NATIONAL 


FLEXIBLE 
— CORDS 
& CABLES 


PROTECT EQUIPMENT 
.-- REDUCE MAINTENANCE 


@ Keep out water and dirt 

@ Prevent wire terminal strains 

@ Reduce insulation wear 

@ Provide high mechanical strength 
@ “Dress up” deluxe mechanisms 
Sizes %-inch to 3-inch conduit, and \%- 
inch to 2%-inch cable. 


Sold nationally through authorized 
distributors. Write today for Bulletin. 


THE PYLE-NATIONAL 
COMPANY, 1388 N. Kostner 
Avenue, Chicago 51, Illinois 
s District offices and represent- 
atives in principal cities of the 
United States ® Manufactured 
in Canada by Pyle-Nationa/ 
(Canada) Lid., Toronto 15 


CONNECTORS @ LIGHTING FIXTURES @ CIRCUIT CONTROLS 
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ASSOCIATION Activities 


| Tentative Radio Fall Meeting 


Program Announced 


| The October 31 through November 2 


Radio Fall Meeting for 1960, sponsored 
by the Electronic Industries Associa- 


| tion, will be held at Hotel Syracuse, 


Syracuse, N. Y. The entire meeting 
will be devoted to the “home enter- 
tainment” aspects of the industry 


Monday, October 31 


e Morning: EIA Engineering De- 
partment Session 

e Afternoon: Reliability and Quality 
Control Session 

e Evening: Reception 


Tuesday, November 1 
e Morning: Electron Tube Session 
e Afternoon: Semiconductor Devices 
Session 
e Evening: Dinner 
Wednesday, November 2 
e Morning: TV Receivers and Sys- 


| tems Session 


e Afternoon: Radio Receivers and 


Systems Session 


available 
Room 
2 St.. New York 36 


Registration material is 


2260, 11 W. 


information Processing Group 


Head Appointed 


The U. S. representative, Isaac Auer- 
bach, president of Auerbach Electronics 
Corp. of New York and Philadelphia, 
has been elected president of the Inter- 
Federation of Information 
Processing Societies, a group formed 
as a result of the UNESCO-sponsored 
Paris International Conference on In- 
formation Processing. 


Electron Devices Meeting 

Major emphasis at the 1960 Electron 
Devices Meeting, Hotel Shoreham, 
Washington, D. C., October 27-28, will 


| be placed on parametric and tunnel- 


diode devices. Other areas to be covered 
are twt and klystron amplifiers, and 


| the epitaxial-film technique as applied 
| to solid-state devices. 


| Powder Metallurgy Institute 
| Names President 


Roy E. Blue has been elected president 
of the American Powder Metallurgy 
Institute, technical division of the Metal 


Powder Industries Federation, New 
York City. Mr. Blue is chief product 
engineer of the Amplex Div., Chrysler 
Corp., Detroit. 


High-Speed Photography in 
Instrumentation 


The use of high-speed photography as 
a basic tool in research and develop- 
ment will be explored, and emphasis 
will be placed on techniques applicable 
to various fields of the sciences at the 
Fifth International Congress on High- 
Speed Photography. This congress, 
sponsored by SMPTE, will be held at 
the Sheraton Park Hotel in Washing- 
ton, D. C., October 16-22. There will 
be a show, including international, in 
dustrial and governmental exhibits, and 
demonstrations of high-speed photo- 
graphic instrumentation systems and 
equipment. 


MAECON Program is Released 


The “Semiconductor 60's” is the theme 
of the 1960 Mid-America Electronics 
Conference. An abbreviated resume of 
the Kansas City program follows: 


Tuesday, November 15 
e Semiconductor Session: Semicon- 
ductor Theory; Theory of Avalanche 
Mode Operation; Applications of Im 
pact Ionization in Doped Semicondu 
tors; Conductive Adhesives; Material 
Processing and Manufacturing Tech- 
niques; Universal Design Curves for 
Thermoelectric Coolers; Semiconductor 
Failure. 

e Microwave Session 


Wednesday, November 16 


e Semiconductor Session: Controlled 
Rectifiers; Electronic Component Fail- 
ure; Survey of Magnetic Film Devices; 
Tunnel Diode Applications; Control 
Principles Development; Binary Se- 
quence Generator; Limit Device for 
Adaptive Control Systems; Low-Noise 
Amplifiers. 

e Engineering Education and Man- 
agement Session. 


SAE General Manager Named 


Joseph Gilbert has been named secre- 
tary and general manager of the So- 
ciety of Automotive Engineers. Mr. 
Gilbert was formerly managing editor 
of the SAE Journal and most recently, 
assistant general manager of the en- 
gineering society. 
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Now Medium-Current 


sen 


¥ 


e 


FIERS 


at HALF THE PRICE 


fom MOTOROLA 


Motorola breaks the price barrier on medium-current 
silicon power rectifiers with exclusive, high-volume 
production techniques. These new, 15 amp devices 


are priced about 50% less than comparable units 
now on the market. 


IMMEDIATELY AVAILABLE FROM YOUR 
MOTOROLA SEMICONDUCTOR DISTRIBUTOR 


BIRMINGHAM, Ack Semiconductors, inc. / BOSTON, Cramer Electronics, Inc., 
Lafayette Redio / CAMDEN, Genera! Redio Supply Co CEDAR RAPIDS, 
Deeco Inc. / CHICAGO, Allied Radio Corp., Newark Electronics Corp., Semi- 
conductor Specialists, Inc. / DENVER, Inter-State Redio & Supply / DETROIT, 
Radio Specieities Co. / HOUSTON, Lenert Co. / JAMAICA, WN. Y., Lafayette 
Redio / LOS ANGELES, Kierviff Electronics / MELBOURNE, FLA., Electronic 
Supply / NEWARK, WN. J., Lefeyette Radio / NEW YORK, Lafayette Redio, 
Milgray Electronics / OAKLAND, Elmer Electronics / PHOENIX, Radio Specia!- 
ties / SAN DIEGO, Sen Delco / SEATTLE, Elmer Electronics / WASHINGTON, 
D.G., Electronic Industrie! Seles. 
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And, you can’t buy better industrial rectifiers! 
Types MR312 through MR316 are diffused-junction 
units offering peak inverse voltages of 50, 100, 200, 
300 and 400 volts ...and deliver typical Motorola 
high-quality performance. All-welded, stud-mounted 
package is ideal for heat-sink or direct chassis 
mounting. Units are rated for operation to +175°C. 
Contact your Motorola district office. 


BOSTON 385 Concord Ave. Belmont 78. Mon 
CHICAGO 39, 5234 West Diversey Avenve 
DETROMT 27, 1313! Lyndon Avenve 
LOS ANGELES 174! Iver Avenve, Hollywood 28, Calif 
MINNEAPOLIS 27, 773! 6th Avenve North 
NEW YORK 105! Bloomfield Ave., Clifton, NJ 

from New York 
ORLANDO KnoWel Building. Winter Park, Fle 
PHILADELPHIA 130 South Easton Rd. Glenside, Pa 
SAN FRANCISCO !299 Bayshore Highway, Burlingame, Calif 
SYRACUSE 10! South Saline 
WASHINGTON 8605 Comeron St, Silver Spring, Md 


MOTOROLA 


' Semiconductor Products inc. 


... Vanhoe 45070 
AVenve 2.4300 
BRoadway 3-717! 
HOllywood 2-082! 
Liberty 5-2198 
GRegory 2-5300 
Whsconsin 7-2980 
Midway 7-2507 
TUrner 7-7020 
Diamond 2-3228 
GRanite 4.332) 
JUniper 5-4485 


Sane Nn 3 


A SUBSIDIARY OF MOTOROLA, INC. 
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HOW 
CERAMIC 
MAGNETS 
ENERGIZE 
NEW IDEAS 


«ein Liquid Fiow Registers 


Water and liquid meters 
can be read at a distance 
with the remote-indicat- 
ing “Read-O- Matic” Reg- 
ister of the Badger Meter 
Mfg. Co., of Milwaukee. 
Heart of this self-con- 
tained generator is an in- 
expensive 6-pole ring 
magnet of Stackpole 
Ceramagnet. The quick 
release of the magnet 
under spring tension in- 
duces a 3-volt pulse in 6 
coils. This is transmitted 
to a remote totalizer. 


««.in Appliances + Powerful, low 


cost Ceramagnet ceramic 
permanent magnets open, 
close and hold doors; put 
snap into snap-action 
switches and thermostats; 
catch lids from can open- 
ers ... make other mag- 
net uses practical for the 
first time. Ceramagnet re- 
quires no keepers; retains 
magnetism indefinitely, 
can be molded in practi- 
cally any shape. 


.«.in Automotive Equipment 


¥ 


Where can YOU use Ceramagnet? For 
practical suggestions, and engineering 
details, write for Stackpole Bulletin, 
RC-12A. STACKPOLE CARBON 
COMPANY, St. Marys, Pa. 


High coercive force and 
high electrical resistivity 
make Ceramagnet ideal 
as field magnets in small 
de motors. They are like- 
wise being investigated for 
fuel-pump drives, speed- 
ometers, ammeters, cCar- 
buretors, and many other 
new devices. 


CALENDAR of Meetings 


Oct. 3-5—Annual Meeting of the 
IRE Professional Group on Nuc lear 
Science, Gatlinburg, Tenn. 


Oct. 3-5 National Communica- 
tions Symposium (sponsored by 
IRE), Hotel Utica and Utica Me- 
morial Auditorium, Utica, N. Y. 


Oct. 4-6 — Conference on Radio 
Interference Reduction, Museum of 
Science and Industry, Chicago. 


Oct. 5—Plastics vs Corrosion Con- 
ference (sponsored by Society of 
Plastics Engineers), Mark Hopkins 
Hotel, San Francisco. 


Oct. 5-6 Second Conference on 
Value Engineering (sponsored by 
EIA), Disneyland Hotel, Anaheim, 
Calif. 

Oct. 9-11 Rubber and Plastics 
Conference (sponsored by ASME), 
Hotel Lawrence, Erie, Pa. 


Oct. 10-12—National Electronics 
Conference (sponsored by AIEE, 
EIA, IRE and SMPTE), Hotel 
Sherman, Chicago. 


Oct. 10-15 — Reliability Training 
Conference (sponsored by IRE and 
American Society for Quality Con- 
trol), Texoma Lodge, Kingston, 
Okla. 


Oct. 11-12-—Institute of Printed 
Circuits, Fall Meeting, Sheraton 
Towers Hotel, Chicago. 


Oct. 13-14 Society of the Plas 
tics Industry, New England Section 
Conference, Wentworth-by-the-Sea, 
Portsmouth, N. H. 


Oct. 16-22-——International Congress 
on High-Speed Photography (spon- 
sored by SMPTE), Sheraton Park 
Hotel, Washington, D. C. 


Oct. 17-19—Annual Meeting of the 
Conference on Electrical Insulation 
(National Academy of 
National Research Council), Shore- 
ham Hotel, Washington, D. C. 


Oct 17-19—Lubrication Conference 
(sponsored by American Society of 
Lubrication Engineers and ASME), 
Statler Hilton, Boston. 


Sciences- 


Oct. 17-19—Symposium on Adap 
tive Control Systems (sponsored by 
IRE), Garden City Hotel, Garden 
Gey, 1.4, N.Y. 


Oct. 17-21 — National Metal Ex- 
position and Congress (sponsored 
by American Society for Metals), 
Trade and Convention Center, Phila- 


delphia. 


Oct. 24-26 — East Coast Confer- 
ence on Aeronaatical and Naviga 
tional Electronics ee by 
IRE), Lerd Baltimore Hotel, Balti- 
more, Md. 


Oct. 26-27 Computer Applica 
tions Symposium 
Armour Research 
Illinois Institute of Technology), 
Morrison Hotel, Chicago. 


Oct. 26-28 Annual Conference 
on Non-Linear Magnetics and Mag 
netic Amplifiers (sponsored by 
AIEE and IRE), Bellevwue-Stratford 
Hotel, Philadelphia. 


Oct. 27-28—American Society of 
Industrial Designers, Annual Con 
ference, Beach Hotel, 


(sponsored by 
Foundation of 


Edgewater 
Chicago. 


Oct. 27-28 1960 Electron Devices 
Meeting (sponsored by IRE) 
Shoreham Hotel, Washington, D. ( 


Oct. 31-Nov. 2—-Radio Fall Meet 
ing (sponsored by EIA and IRE), 
Syracuse Hotel, Syracuse, N. Y. 


Nov. 7—Conference on Automation 
in Injection and Compression Mold 
ing (sponsored by Society of Plas 
tics Engineers), King Edward Hotel, 
Toronto, Ontario 


Nov. 8-11-——National Die Casting 
Exposition and Congress, Detroit 
Artillery Armory, Detroit, Mich 


Nov. 14-16 Mid-America Ele« 

tronics Conference (sponsored by 
IRE), Municipal Auditorium and 
Hotel Muehlebac k, Kansas ( ity, Mo 


Nov. 14-17 —Sixth Annual Con 
ference on Magnetism and Magnetic 
Materials (sponsored by AIEE and 
American Institute of Physics), New 
Yorker Hotel, New York City. 


Nov. 14-18-——NEMA Annual Meet- 
ing, Traymore Hotel, Atlantic City, 


ae 


Nov. 15-16 
gineering Applications Probability 
and Random Function Theory 
(sponsored by Purdue University), 
Lafayette, Ind. 


Symposium on En 


Nov. 15-17 Northeast Research 
and Engineering Meeting, Com 
monwealth Auditorium, Boston, 


Mass. 
Dec. 5-8-—National Conference on 
the Application of Electrical Insula 


tion, Conrad Hilton Hotel, Chicago 
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a Story that’s hard to believe... but true/ 


A well-known manufacturer of appliances had 
excessive trouble with the magnet wire he was 
using to wind his motor armatures. In an effort 
to cut down on rejections, he switched to Belden 
Nylclad Magnet Wire. Result: Not a single rejec- 
tion out of a 30-day run of over 40,000 armatures. 
Such a record would not have been possible 


iam 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


*Belden Trademark 
Reg. U.S. Pat, Off. 


without a shop using the most modern winding 
techniques and without operators who take a real 
pride in their work! Belden Nyliclad Magnet Wire 
is ideal for motor stators and rotors, encapsulated 
control coils, relays, toroids, and random and 
deep windings. Nylclad gives the best windability 
. . has the toughest film coating. 


one wire source for everything 
electrical and electronic 


lead wire « power supply cords « cord sets « portable cordage « 


electronic wire « control cables « automotive replacement 
wire and cable « aircraft wire 





iS ARKENING DISPLAY 


vat, 
MOST EASILY READ 


INDER ALL INDITIONS 


WS RS OCD bod 


Burroughs Corporation 
a 
wd 


See Us At NEC Booth No. 204 
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GUDELACE 
TAKES THE 
SLIPS 
OUT OF 
LACING 


Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 


one end. Gudelace’s flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that’s real economy. Gudelace is the original flat lacing tape. It's 
engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out- 
standing strength, toughness, and stability 


Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing 


GUDEBROD BROS. SILK GO., INC. 


Electronic Division Executive Offices 
225 West 34th Street 12 South 12th Street 
New York 1, N.Y. Philadelphia 7, Pa. 
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MEN in Industry 


MacKay De Young 

Appointment of two new chief engi- 
neers for the Electrical Products Divi- 
sion of The Electric Autolite Company, 
Toledo, has been announced. 

Robert W. MacKay has been named 
chief engineer for generators for the 
automotive, marine, industrial equip 
ment, farm and construction industries 
He joined Autolite in 1952 as an as 
sistant project engineer and in 1956 
was named project engineer. 

Roger DeYoung ix now chief engineer 
for alternators, a new product line. The 
alternators make use of semiconductor 
materials and are intended for applica 
tion to automotive, industrial and 
marine engines. Mr. DeYoung joined 
Autolite in 1959 following three years 
as chief engineer for the American 
Electric Motors Div., American Lin 
coln Corp., Toledo. 


Samuel E. Church has been named 
digital-product specialist in the Special 
Products Division of the Sprague Elec- 
tric Company, North Adams, Mass. He 
comes to Sprague from the Bell Tele 
phone Laboratories, where he was en 
gaged during the past 10 years in the 
development of logic circuits and digi 
tal-circuit equipment. 


Burton D. Hatch has been appointed 
consultant and manager of a new De 
sign and Standards Engineering Oper- 
ation in the General Electric Com- 
pany’s Missile and Space Vehicle De 
partment at Philadelphia. Mr. Hatch 
and his staff will concentrate on in 
creasing product life. Prior to his pres 
ent assignment, he was manager of the 
Operational Engineering Sub-Section 
including reliability and standards, at 
the Company’s Defense Systems De 
partment in New York. Mr. Hatch has 
been with GE since 1945. 


E. Mark Wolf has been named tech 
nical director of Rea Magnet Wire 
Company, Inc., division of Aluminum 
Company of America. He will head 
Rea’s research and development activi- 
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For lasting dependability, specify... 
ESPON RESINS 


When you are looking for outstanding reli- 
ability, even under severe operating condi- 
tions, you can count on Epon resins to give 
you the excellent electrical and mechanical 
performance you require. 

For example—Epon resins have truly 
amazing adhesive qualities—form strong 
bonds to metal, glass, and plastic. They assure 
air-tight, moisture-tight enclosure for delicate 
components and vacuum tubes. Even when 
exposed to solder-bath temperatures, Epon 
resins retain their dimensional stability. 


Epon resin-based insulating varnishes and 
potting compounds, in addition to providing 


SHELL CHEMICAL COMPANY 


excellent moisture sealing, have outstanding 
resistance to attack by solvents and chemi- 
cals, even at high temperatures. 

When reinforced with inert fibrous filler, 
Epon resins produce base laminates of supe- 
rior dielectric properties that can be sheared, 
punched, drilled, and bath-soldered. 


Solvent-free Epon resin adhesive formula- 
tions require contact pressure alone and cure 
at room temperature, or with low heat for 
accelerated curing. 

Will Epon resins solve a production prob- 
lem for you? For a list of resin formulators 
and technical literature write to: 


PLASTICS AND RESINS DIVISION 


7110 WEST SIST STREET, NEW YORK 20, NEW YORK 


Eastern District Western District 


POTTING 


SEALING 


ENCAPSULATING 


LAMINATING 


Eost Centro! District 
Wey enter Ridge Rood 42.74 Moin Street 10642 Downey Avenue 
Flushing 55, New York Downey, California 


mpany of Canada, limited, Toront< 
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SUBMINIATURE 
THERMION 


The Thermion is the thermal analog of a 
vacuum tube. It opens up a whole new realm 
of environmental measurements by providing 
an accurate means for measuring the vital bulb 
and plate temperatures. 


Now, actual thermal environments en- 
countered by vacuum tubes can be measured 
precisely to ensure equipment RELIABILITY. 


e Thermal evaluations can be per- 
formed in early stages of electrical 
design by building package mockups. 


e Every socket posing a thermal 
problem can be evaluated. 


® Cooling methods can be evaluated. 


antl 


A complete Seven and Nine Pin 
Miniature Thermion Line is available 
representing all miniature size classes of 
electron tubes. 


RESCON 


ELECTRONICS CORPORATION 


151 Bear Hill Road, Waltham 54, Massachusetts 
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ties, which include projects concern- 
ing round copper and aluminum mag- 
net wire, and aluminum sheet and foil 
strip conductors, Most recently assist- 
ant chief engineer of Alcoa’s Rome 
Cable division, Mr. Wolf joined Rome 
in 1941. 


W. Wai Chao has been appointed 
director of research and development 
at Vickers Incorporated, Division of 
Sperry Rand Corp. Dr. Chao joined 
Vickers in 1959 as chief of research. 
Prior to joining Vickers, he directed 
engineering efforts for such projects 
as the second-stage liquid rocket en- 
gine for the “Discoverer” program and 
altitude-control rocket systems for Proj- 
ect Mercury and the X-15 airplane. 


Appointment of Sidney L. Simon as 
chief engineer, Missile Electronics and 
Controls Division, RCA Defense Ele: 
tronic Products, has been announced 
Dr. Simon came to RCA in late 1958, 
with experience in the fields of com 
bustion, high-temperature materials, 
nuclear energy, and aircraft nuclear- 
propulsion studies. He was formerly 
associated with the National Advisory 
Committee for Aeronautics 


Frank A. Horak, physicist, has been 
named group leader in the research 
and development department of Rheem 
Semiconductor Corporation, Mountain 
View, California. Prior to joining 
Rheem, Mr. Horak was with Texas 
Instruments, Inc., where he was in 
charge of studies to improve reliability 
of silicon transistors. He has done work 
in most areas of semiconductor tech 
nology, including the development of 
improved processes for manufacturing 
diodes, rectifiers, and transistors, per 
fecting alloying techniques for ger 
manium and silicon, and growing semi 
conductor materials 


David E. Trumbull has assumed the 
duties of engineering manager for 
Western Design, Division of U. S 
Industries, Inc., and will be respon 
sible for the direction of all engineer 
ing functions for the producer of elec- 
tromechanical and electronic equip 
ment, instrumentation and training 


systems. 


Appointments in two engineering de 
partment positions at Arnoux Corpora 
tion, Los Angeles, have been an 
nounced, Ray L. Hixson assumes duties 
of assistant director of engineering, 
and Shep Winter is the new manager 
of the mechanical section. Active in in 
strumentation and control fields for a 
decade, Mr. Hixson formerly served as 
chief systems engineer, developing and 
installing MADIS, a digital data-han 
dling system. Before joining Arnoux, 
Mr. Winter held positions as research 


(Continued on page 211) 
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Westinghouse completely redesigns its breaker 


TO IDENT 


Newly designed breaker line simplifies frame designations ... reduces space 
requirement up to 50%. Because of rec 
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ty of the former Westinghouse models you've been using 
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inghouse 


IR = Interrupting Rating 


t either copper or aluminum cable. Any way you look at it, the 
vant to use from now on. e Want more information on 
stinghouse representative, Westinghouse distributor, 

r, or write Westinghouse Electric Corporation, 

offering a free wall chart that shows the new line 


coated and gives dimensions, interrupting ratings, 


, of course, the newest designations along with the breaker photos. 


ove for your copy. 


All Westinghouse AB breakers meet or exceed NEMA and UL specifications. 





Printed in U.S.A 


a Westinghouse bree 


SAF-T-VUE* lets you 
see whether the con 
tacts are open or closed 
Fills the needs of every 
industrial plant where 
safety codes require visi 
ble contacts. All frames 


THERMAL MAGNETIC... 
provides instantaneous 
opening on short cir 
cuits, yet permits harm 
less momentary over 
loads such as those en 
countered in motor start 
ing and initial lighting 
surges. On sustained 
overload, the higher the 
current, the shorter the 
opening time. All frames 


WESTINGHOUSE ELECTRIC CORPORATION 


MARK 75 interrupts 
up to 75,000 amps at 
240 volts a-c. Costs a 
fraction of conventional 
high interrupting capac 
ity breakers. Does not re 
quire reactors or fuses, 
iS particularly suited for 
network systems 


AMBIENT 
COMPENSATED... ends 
nuisance tripping, and 
eliminates need for de 
rating where elevated or 
changing temperatures 
are encountered. All 
frames 


Standard Control Division, Beaver, Pa 





new breakers / new sizes /-new designations 


IR = Interrupting Rating 


TRI-PAC* smallest 
lowest cost protective 
device you can apply 
where 100,000 amps can 
be poured into faults. Ex 
ample: network systems 
or those fed by large 
transformers 


MAGNETIC ONLY pro 
vides short circuit pro 
tection only. Primarily 
used on motor circuits 
where overload protec 
tion is provided by other 
means. All frame sizes 
except E 


*Trade Marks 


J1-30317 





manager, senior research et.gineer, and 
assistant chief engineer with other lead- 
ing firms in the data-reduction field. 


C. Harold Hannan has been promoted 
to the position of director of research 
at Miniature Precision Bearings, Inc., 
New Hampshire. He will direct activi- 
ties which will include theoretical eval 
uation of bearing design, analysis of 
performance characteristics, study of 
special problems such as high-altitude 
lubrication and improved bearing ap 
plications. Previously, Mr. Hannan had 
been engineering manager for instru- 
ment bearing applications at the Fafnir 
Bearing Company. 


Appointment of Kenneth Duncan as 
staff scientist of the Gorham Electron 
ics Laboratory, Gorham Manufacturing 
Co., Providence, R. LL, has been an 
nounced. He came to Gorham from the 
Raytheon Manufacturing Co., May 
nard, Mass., where he was section head 
of the engineering and antenna design 
and analysis department. Previously, 
he was with Gabriel Electronics Divi- 
sion as chief electronics engineer. 


Bruce R. McFadden has been appoint 
ed engineering manager for the Pack 
aged Electronics Division of Amphenol 
Borg Electronics Corporation, Broad 
view, Ill. He comes to Amphenol-Borg 
from Sylvania Electric Products, Inc.. 
where he supervised electromechanical 
design in data systems. Previously he 
had been associated with Remington 
Rand, Philadelphia, as assistant man 
ager of the magnetic recording depart 
ment 


Jack A. Clark has been named to 
head the development of equipment 
requiring low-cost production design in 
the development phases for the Ele« 
trical Product Development Depart 
ment of the Tapco Group, Thompson 
Ramo Wooldridge Inc. He joined TRW 
this year following 17 years with Relli- 
ance Electric and Engineering Com 
pany, specializing in d-c machinery de- 
sign and application. For the past three 
vears he was manager of engineering 
for the Ashtabula Division of Reliance 


Salvatore j. Intagliata has been ap 
pointed director of engineering for 
Systematics, Redondo Beach, Calif., a 
Division of General Transistor Corpo- 
ration. His specialty is design of the 
integration of data processing pum hing 
and reading devices with conventional 
key-driven business machines. For the 
past twelve years, Mr. Intagliata has 
been with the Underwood Corporation's 
General Research Laboratory, Hart 
ford, Conn., where he was in charge 
of technical specifications, design, and 
progress of integrated data-processing 
equipment. 
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WOULD 30 DAY DELIVERY 
HELP? Then call Helipot. We'll 
deliver seckxman® Panel Meters...in a 
variety of styles, shapes and models... 
within 30 days after receipt of your 
order. Specials may take 45 days. 

Fact is, quick delivery and customer 
service gy along with every BECKMAN 
meter... voltmeters, ammeters, milliam 
meters, and microammeters...in sizes 
ranging from 244” to 4%”, 

Best of all, they are excellent meters 

.and we can prove it! A Certified Test 
Report (which you may have for the 
asking) gives details of rigidly con- 
trolled tests conducted to find out just 
how good our meters are. In all cases, 
units tested met or exceeded MIL-M- 
10304A. Like we said: they are excellent 
meters 

Clearly, if you need panel meters, call 
Helipot. Delivery is dependable, quality 
is excellent, and the price is right. The 
other things we could say in favor of 
these meters are contained in the latest 
meter Data File. Send for it: your 
meter problems will be solved. 
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/ Helipot 
POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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HYREL FB 


ee 


DEPOSITED CARBON 
RESISTORS 


UNMATCHED FOR 


SPRAGUE Hy 


PERFORMANCE 


... hermetically sealed in ceramic jackets against moisture 
and vapor ... safely protected against mechanical abuse. 
The Hyrel FB series is intended for applications in military, 
commercial and telephone electronic equipment 
where long life under high humidity, small size, stability 
of electrical characteristics are important. 


WRITE FOR 
ENGINEERING BULLETIN 70108 


SPRAGUE ELECTRIC COMPANY a iY A it ft 1 7 ‘ 
307 Marshol! Street, North Adoms, Moss 


Made to far exceed 
MIL-R-10509C Specifications 


THE MARK OF RELIABILITY 


SPRAGUE COMPONENTS: 

CAPACITORS + RESISTORS + MAGNETIC COMPONENTS «+ TRANSISTORS 
INTERFERENCE FILTERS ¢ PULSE NETWORKS 
CERAMIC-BASE PRINTED NETWORKS * HIGH TEMPERATURE MAGNET WIRE 
PACKAGED COMPONENT ASSEMBLIES 
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COMPANY Briefs 


International Telephone and Telegraph 
Corporation, Los Angeles, has an- 
nounced that it has acquired from the 
L. C. Miller Company of Los Angeles 
its complete interest in electromagnetic 
vibration equipment. ITT’s Industrial 
Products Division will now produce and 
market the electromagnetic shaker and 
calibration systems for testing of elec- 
tronic equipment and components. 


Establishment of a research and 
development laboratory in Waltham, 
Mass., has been announced by Litton 
Systems, iInc., which was formed in 
July of this year. Litton Systems is a 
wholly-owned subsidiary of Litton tn- 
dustries, Inc. Litton Systems is a sup- 
plier of inertial guidance systems, tac- 
tical data systems, flight data systems 
and air data and other military com- 
puters and controls. 


McLean Engineering Laboratories, 
Princeton, New Jersey, manufacturer 
of electronic-cabinet cooling equipment, 
and Syntorque Incorporated, Bearsville, 
New York, manufacturer of precision 
military-specification motors, have an 
nounced the formation of a new com- 
pany: MeLean Syntorque Corporation, 
West Hurley, N. Y. The purpose of the 
new company is to develop and manu- 
facture precision motors especially 
adapted to meet cooling requirements 
of specialized military electronic equip- 
ment. 


Miniature Precision Bearings, Inc., 
Keene, N. H., has announced the ac- 
quisition of Carter Engineering Co.. 
Ferrysburg, Mich., manufacturers of 
rod-ends, spherical bearings and ball 
linkage devices. Carter Engineering, in- 
cluding its manufacturing operations, 
will be transferred to the MPB Split 
Ballbearing Div. plant in Lebanon, N. 
H., later this year. 


Taylor Fibre Co., Norristown, Pa., 
manufacturers of laminated plastics 
and vulcanized fiber, has acquired Dy- 
tronics Inc., Rochester, Michigan, man- 
ufacturers of die-stamped circuits for 
electrical and electronic applications. 
Taylor Fibre will operate Dytronics as 
a subsidiary at its present location with 
its present officers and employees. 


Phelps Dodge Copper Products Corpo- 
ration, New York City, has announced 
the acquisition of Edlen, Inc., of Be- 
thesda, Maryland. Equipment and per- 
sonnel have been removed to a larger 
plant located in Yonkers, N. Y. The 
facilities of the new connector division 
are being used to manufacture con 
nectors, adapters and accessories for 
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...with 2 New RCI EPOTUF 
Epoxy Hardeners 


@ You can control the degree of hard- 
ness or flexibility of your cured epoxy 
systems—when you use RCI Epotur 
Hardeners 2611 and 2613. 


By blending the two, in conjunction 
with an epoxy resin, a formulator can 
easily and dependably produce systems 
that will result in hard, flexible or 
resilient products. 

Each of the hardeners may be used 
individually . . . both are for room-tem- 
perature curing of epoxy resins. 

Epotur Hardener 2611 is recom- 
mended in a simple 1:2 ratio with 
epoxy resins. It hardens the epoxy in 
10 minutes to a hard, yet resilient, 
blush-free plastic. Because of its low 
viscosity, it handles easily and can be 
highly filled. 

Epotur Hardener 2613 is generally 
used in a convenient 1:1 ratio with the 
epoxy resins. It cures rapidly with an 
unusually low exotherm. The flexible, 
blush-free system it provides has up to 
100% elongation in a cured epoxy with 
total recovery. 

Tensile strength of these systems will 
range from 2,000 psi to 14,000 psi. 

Perhaps the controlled flexibility pos- 
sible with these versatile new EpoTuF 
Hardeners can improve your epoxy sys- 
tems. Write to RCI for complete tech- 
nical information. 


Chemistry... 
Your Partner 
in Progress 


Synthetic Resins * Chemical Colors * Industrial Adhesives * Phenol * Hydrochloric Acid » Formaldehyde * Phthalic Anhydride * Maleic Anhydride 
Ortho-Phenylphenol * Sodium Sulfite » Pentaerythritol * Pentachiorophenol * Sodium Pentachlorophenate « Sulfuric Acid * Methanol 


REICHHOLD CHEMICALS, INC., RC! BUILDING, WHITE PLAINS, N.Y. 
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«++ WHERE PHOSPHOR BRONZE IS THE MAIN LINE-NOT A SIDELINE 


214 


METAL 
cost 
CUT MORE 
THAN 
65%... 


... with miller 


PHOSPHOR BRONZE 


The wafer-thin part shown here is a spring contact blade 
that forms an integral part of an automatic starting and 
reversing switch used on all models of garbage disposers 
produced by In-Sink-Erator Manufacturing Company of 
Racine, Wisconsin. Continued exploration of ways to cut 
the cost of manufacture—hence deliver a better product 
for less money—led In-Sink-Erator’s design people to 
Miller, whose on-the-spot metallurgical specialists were 
able to recommend Grade C 200-PLUS phosphor bronze, 
a material with equal performance to the beryllium 
copper previously used ... yet at far less cost. If cost- 
cutting has a place in your operation, a Miller specialist 
can be at your plant in hours to tell you how! 


ROLLING MILL 
DIVISION 


THE MILLER COMPANY 
MERIDEN, CONN. 
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Phelps Dodge aluminum-sheathed ait 
dielectric coaxial cables. 


Pheoll Manufacturing Company, Inc., 
Chicago, has announced the acquisition 
of Progressive Manufacturing Company, 
Torrington, Conn., a division of The 
Torrington Company. With the acquisi- 
tion of this company, Pheoll will add 
to its facilities in Chicago for the pro 
duction of industrial fasteners and 
other cold-headed products. Progres 
sive Manufacturing will operate as a 
division of Pheoll. 


A new plant addition which doubles 
the company’s manufacturing area and 
production capacity has been opened 
by Bowmar Instrument Corp., Ft 
Wayne, Ind., manufacturer of precision 
gears, navigational counters, servo 
mechanisms and_ electromechanical 
packages 


Dale Electronics, Inc., formerly Dale 
Products, Inc., of Columbus, Nebraska, 
has been merged with Hathaway Instru- 
ments, Inc., of Denver, Colorado. Dale 
manufactures precision electronic com 
ponents for missiles, computers and 
automation instruments. Hathaway, in 
addition to its Denver Instruments Di- 
vision, has two wholly owned subsidi 
aries, Sterling Electric Motors of Los 
Angeles and Clemco Aero Products, Inc., 
of Gardena, Calif. The parent company 
and subsidiaries produce hydraulic and 
pneumatic devices for aircraft, elec 
tronic instrumentation, electric motors, 
variable-speed drives and speed re 
ducers. 


A consolidation and centralization of 
the Hoover Ball Division has been an- 
nounced by Hoover Ball and Bearing 
Company. All ball manufacturing, engi 
neering, sales and administrative func 
tions have been consolidated and will 
be known as the Hoover Ball Division 
with headquarters at Middletown, Ohio 
Ball-manufacturing facilities at Hoov- 
er’s Ann Arbor Plant will be integrated 
into the firm’s plants at Middletown 
and Erwin, Tennessee. Production fa- 
cilities at these two plants are being 
expanded to provide the necessary in- 
crease in plant capacity 


Bristol Co., Waterbury, Conn., a sub- 
sidiary of American Chain & Cable Co., 
Inc., has acquired Hanson-Corrill-Brian, 
Inc., Glen Cove, N. Y. The acquisition 
will be operated through a new subsid- 
iary to be known as Data-Master Corp. 
and will retain the same management 
and engineering staff. Hanson-Gorrill- 
Brian manufactures digital data logging 
equipment, thyratron power amplifiers, 
solid-state servo-control amplifiers, thy 
ratron and _ silicon-controlled-rectifier 
control units, infrared pyrometers and 
detection instruments, and special-pur- 
pose vacuum tubes. Bristol manufac 
tures automatic controlling, recording 
and telemetering instruments, 
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Service factors: 


UP 15 to 25% 


Motor costs: 


DOWN 10to35% 


. open motors with 


New Howellseal-protected open 
motors now do most jobs you've 
had to buy TEFC motors to do 

with higher service factors, 
lower motor costa 

Howellseal encapsulation pro- 
tects windings and leads against 
these conditions that are stand- 
ard-open-motor killers: Heat 
open motor ventilation with en- 
closed motor protection; Chemi- 
cals —acids, salt, alkali, caustics, 
gases; Abrasives—carbon black, 
graphitic dusts, fine dirt and grit; 
Moisture—condensate, spray, 
splash. Howell Electric Motors 
Company, Howell, Michigan. amas 


Name your job! 
Here is your 


GENERATOR 
a 


V4 —15 kva, a.c. 
Ya —3 kw, d.c. 


If you need electric power at 
special places or for special pur- 
poses... a.c. or d.c.; standard or 
special voltages, amps, frequen- 
cies, speeds; motor-, engine- or 
belt-driven . call Howell! A 
product of The Leland Ohio Elec- 
tric Company, Dayton, Ohio... A 
Howell subsidiary A-2nb6A 

USES LIKE THESE 
e Emergency ¢ Special Power 

Hospitals D.C. or A.C, 

Homes Special 

Utilities frequencies 

Stores Laboratory 
testing 
Processes 
Tools Refrigerator 
Saws cars, trucks 


Operational 


1-125 hp., a.c 
All mountings 


All NEMA 


designs 


EAT 


modifications 


HOWELL 
electric motors company 
Offices in principal cities ... see YELLOW PAGES 
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STOP 3-phase 

motor burnouts 
with 

INHERENT PROTECTED 


Motor protection is built-in, 
tested, U/L approved. Self-pro- 
tected against conditions that up 
to now have caused 3-phase open 
motor failures. 

Cuts costs because machinery 
down-time is prevented, over- 
load current relays and 3-pole 
magnetic contactors may be elim- 
inated. As easy to install as 
ordinary motors. A product of 
Kingston-Conley, Inc., Plainfield, 

A Howell subsidiary 


A IBS4A 


" Offices in principal cities... see YELLOW PAGES 


© first of a series 


WHAT YOUR HOWELL MAN 
represents and has to offer 


This is a brief message to our many friends who 
have contributed so importantly to our growth. 

Our corporate and product “‘Images” have changed 
vastly in the past few years. 

Howell now also offers you the combined broad 
motor lines of: The Ohio Electric Mfg. Company; 
Kingston-Conley, Inc.; The Leland Ohio Electric Co. 

Each is a leader in certain important areas. Each is 
known for certain outstanding products. Each has 
built on ideas, initiative, integrity. 

Consolidation is now completed. People, Plants, 
Products of four formerly separate enterprises are now 
ONE COMPANY . dedicated to continued high 
standards of service to American Industry. 

A few words about our: 


products 
Howell and its subsidiaries make: MOTORS —1/40 
~300 hp, a.c.; GEARED DRIVES—gearmotors and 
coupled units, down to 1.2 rpm; GENERATORS—.3 
to 15 KW. 
Chances are, we have what you want. Call us! 
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“PUWRIZED” 


ORDS in 
LASTIC 


Colorful, tough, easy-to-clean! That's why 
PLASTIC cords make your power tools, 
appliances, or other electrical products 
look better, work better, and sell better! 
And that’s why your smart move is to 
ROYAL — the company equipped to give 


you prompt service on all plastic cord 
needs, either with stock molds or special 
tooling. 


Royal has “off-the-shelf” molds for strain 
reliefs (dimensions customized to fit your 
product’s housing) . . . and 2-wire and 
3-wire caps and connectors for 125V and 
250V services. Moreover, when special 


attachments are needed, Royal design 
engineers help you capitalize on the ver- 
satility and economy of PLASTIC .. . 
with experimental molds, adequate sam- 
ple lots, and fast tooling for production 
runs. Attachments are molded to durable 
Roya! Plastic or Rubber Cord, in colors 
that complement your product styling. 


‘ 


For full details on ROYAL 
power supply cords, write 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


tn California: 
Electric Cords & Supply Corp. 
413 East 3rd S&t., Los Angetes 13 


in Canada: 
Royal Electric Company | Quebec) itd., 
Pointe Ciaire, Quebec 
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BOOK Reviews 


Edited by Auice Mary Hivton, Associate Editor 


Selected Semiconductor Circuits 
Handbook, Seymour Schwartz, 
Editor, John Wiley & Sons, Inc., New 
York (1960), $12.00. 

Much of the material appearing in this 

book was originally compiled for the 

Department of the Navy and published 

by the Bureau of Ships as A Handbook 

of Selected Semiconductor Circuits 

(NOBSR75231). Selection of some 150 

semiconductor circuits was made by a 

committee headed by Mr. Schwartz, 

who is president and director of engi- 
neering at Transistor Applications, Inc. 

All the circuit case histories are refer- 

enced by the name of contributor and 

his company connection. 

The subject matter covered encom- 
passes the following direct- 
coupled amplifiers, low-frequency amp- 
lifiers, high-frequency amplifiers, oscil- 
lators, switching circuits, logic circuits, 
a-c to d-c power supplies, converters, 
small-signal non-linear circuits, and 
transistorized magnetic circuits. Pre- 
ceding each group of selected circuits 
is a section dealing with a basic design 
philosophy involved. 

The circuits were selected on the 
basis of inventiveness, reliability or 
advanced “state-of-the-art” design. Each 
selected circuit is illustrated with a 
schematic diagram. In almost every 
case, the authors point out the limita- 
tions of transistors in a particular cir- 
cuit situation and indicate what can be 
done to compensate for deficiencies. 
All component values are given for the 
selected circuits. F.J.0. 


topics: 


Self-Saturating Magnetic Ampli- 
fiers, Lynn, Pula, Ringelman and 
Timmel, McGraw-Hill Book Co., New 
York (1960), 215 pages, $8.00. 

The authors have prepared a commend- 

able, step-by-step introduction to the 

types of magnetic amplifiers which em- 
ploy the principle of self-saturation. 

They begin with the fundamental con- 

cepts of the applicable electromagnetic 

equations and nonlinear phenomena 
and also include a section on trans- 
former theory—a useful aid in under- 
standing the operation of self-saturat- 
ing magnetic amplifiers. The basic 
properties of magnetic materials as well 
as semiconductor rectifiers are given in 
the second chapter. (It is interesting to 
note that the effects of nuclear radia- 
tion on these properties are included.) 


The major portion of the book then 
proceeds through the mechanics of 
operation to specific methods of design 
and application. In the authors’ words, 
they have “scrupulously attempted to 
avoid impractical idealizations of non- 
linear functions wherever such ideali- 
zations would disguise the true opera- 
tion of a physically realizable ampli 
fier” — a practical approach which adds 
much to the book's usefulness J.RR 


Operational Calculus, Jan Mikusin- 
ski, Pergamon Press, Inc., New York 
(1959), 495 pages, $15.00. 

This first English edition of Professor 
(of the University of Warsaw) Jan 
Mikusinski’s methodical presentation of 
a theory published during the years 
1950-1957 is the eighth volume of an 
International Series of Monographs in 
Pure and Applied Mathematics. And 
lest this may make this work seem to be 
of interest to mathematicians rather 
than to engineers, we shall start this 
review with a summary: Professor 
Mikusinski, according to his foreword, 
attempted to write this book “in such 
a manner as to be of use both to an 
engineer, who regards the operational 
calculus merely as a tool in his work, 
and to the reader who is interested in 
proofs of theorems and mathematical 
problems for their own sake.” In the 
opinion of this reviewer, the author has 
been eminently successful: the theory 
is clearly presented, and mathematics is 
related to practical problems. 

The author has wisely included meth 
ods to check the correctness of solu 
tions (for example, in the equation of 
heat, Part Three, Chapter V), and he 
draws attention to pitfalls, such as 
“solution” a function that 
does not satisfy required conditions by 


obtaining as 


deducing an equation from another 
equation considering conditions which 
have not been “fully exploited.” He ex 
plains the apparent contradiction, and 
presents methods to verify whether an 
obtained function satisfies all equations 
and conditions (for example, in ap 
plications to partial differential equa 
tions, Part Four, Chapter III). 

The development and application to 
electrical engineering of the opera- 
tional calculus (known since the be 
ginning of the nineteenth century) was 
essentially the work of Heaviside. Pro 
fessor Mikusifiski introduces operators 
algebraically as kinds of fractions. They 
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OVER 126 
JEOEC TYPES... 
Listed is 
only part of our wide 
range of silicon stacks 
available in almost every 
circuit configuration 
For complete data 
specify SR.330 
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SPECIFY THE LEADING LINE 
Choose from the industry's widest 
line of medium power silicon recti 
fier stacks. All units are available 

off the shelf’ at your nearest 
Authorized Industrial Distributor or 
from industrial Representatives 
throughout the worid 


INTERNATIONAL RECTIFIER CORPORATION: EL SEGUNDO, CALIFORNIA * PHONE OREGON 88-6261 * CABLE RECTUGA 


Fort ee maw JERSEY BYRA et NEW YORK CHricac< LLIN©GIS, CAMBRIDGE MASE. ARDMORE PENN BERKLEY MICH LOB ANGELES. CALIFORNIA 
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NEW G-E GLOW LAMP (NE-83) 
EFFECTIVELY HANDLES 
CURRENTS UP 10 10 m.a. 


Here’s a General Electric Glow Lamp that operates at currents many 
times higher than most glow lamps. At 10 milliamps, the NE-83 will 
hold its breakdown and maintaining voltage within five volts of initial 
for an average life of 500 hours. Life will be correspondingly higher 


at lower currents. 


Although this product is too new for us to establish voltage 
regulation specifications, it shows considerable promise for this 


application in the 1 to 10 milliampere range 


Leads of the NE-83 are plated for easier soldering. It contains a 


mild radioactive additive to reduce breakdown voltage in darkness 


DIRECT CURRENT SPECIFICATIONS 


Breakdown Voltage. ............ . . 60-100 volts d-c 
Maintaining Voltage at 10.0m.a. ...... . avg. 65 volts d-c* 
Design Current... ccc ccc et we e MAMA. GC 


Life (at 10 m.a. d-c for an average change 
of 5 volts in breakdown and 
maintaining voltage) . <a . 500 hours 


*Average after 100 hours heciieg at rated current. Individual 
lots may vary from average. 


There's a General Electric Glow Lamp to suit every circuitry need 
For the latest information on Glow Lamps as Circuit Components 
and Indicators, write for 4-page Bulletin #3-0193. General Electric 
Co., Miniature Lamp Dept. M-038 Nela Park, Cleveland 12, Ohio 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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are a generalization of the concept of 
numbers, and operations are performed 
on them in the same way as are opera- 
tions on numbers. This is a simple 
method which is understandable to 
those who are not familiar with the 
theory of analytic functions. 

The contents of this book exceed its 
size. This is due to the fact that the 
organization is admirable, and the style 
simple, clear, and concise (orchids to 
the unknown translator!). Part One 
(eight chapters) presents operational 
algebra, ranging from the concept and 
convolution of continuous functions to 
discontinuous functions and applica 
tions to the statics of beams. The ap- 
plication of the operational calculus to 
cireuit configurations will be of prac 
tical interest to most electrical engi- 
neers and a wealth of material is con- 
tained in s ne fifty pages that include 
impedance e. ‘ations, general remarks 
on foriaing eq tions for network cur 
reuts, and various applications to four 
terminal networks —~such as simplest 
direct connections, cathode-ray tubes, 
and complex connections of sym 
metrical, asymmetrical, and inverse 
four-terminal networks— for which 
simple equations are set up. 

Part Two (four chapters) presents 
sequences and series applied to such 
problems as periodically excited elec- 
trical systems. Part Three (seven chap 
ters) is concerned with the operational 
differential calculus applied to vibra- 
tion, heat equations, and other prob- 
lems of electrical engineering. Part 
Four (three chapters) is an outline of 
the general theory of linear differential 
equations with constant coefficients. 
Part Five (two chapters) discusses in- 
tegral operational calculus. Part Six 
(twelve chapters) is an Appendix 
which has been added to this edition 
and contains proofs of theorems here- 
tofore published in various papers, new 
results of the operational calculus ob 
tained since the publication of previous 
editions, and a discussion of the rela- 
tions between the operational calculus 
and other branches of mathematics, 
such as abstract algebra, the theory of 
distributions, etc. Part Seven contains 
formulae and tables. 

Answers to problems presented in 
Parts One through Four are given (with 
explanations where required) at the 
end of the book. A bibliography is ap- 
pended that is impressive, but probably 
contains a great deal of material the 
reader might not find easily available 
in this country. 

Operational Calculus is a scholarly 
work that contains an extraordinarily 
well-proportioned and _ well-integrated 
blend of elegant mathematical theory 
and practical problem-solving devices 
for electrical engineers. This is not an 
“easy” book. If Professor Mikusitiski 
intended it as a text and if it is used 
as one at the University of Warsaw, 
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... $575 to $1100 less with the new NLS 484 digital voltmeter 


Here is the only 4-digit voltmeter to provide printer connection and automatic print control for only 
$2150... the only digital voltmeter at this price to provide heavy duty plug-in stepping switches, 
snap-out readout, and simple single-package design. With plug-in NLS accessories it forms a host of 
automatic data logging systems. Performance? The 484 retains the basic design and quality con- 
struction of the NLS 481, the world’s most popular 4-digit voltmeter. Contact NLS for complete 
information on the 484 if you require 0.01% accuracy and printout at low cost. 


BRIEF SPECIFICATIONS: Accuracy +0.01% of full scale on each range ranges: +9.999/99.99/999.9 volts DC, +99.99/999.9 
millivolts DC using NLS 140 Preamplifier, 9.999/99.99/999.9 volts AC using NLS 125B AC/DC Converter . input impedance: 10 
megohms at balance, 1000 megohms on lowest range by modification automatic range and polarity selection . balancing time: 
| sec., average internal standard cell for verification of calibration simple conversion to ratiometer 


Originator of the Digital Voltmeter 


. * 
non-linear systems, inc. DEL MAR (SAN DIEGO), CALIFORNIA 
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high intellectual demands are made 
indeed. We would rather recommend 
it as a reference work for practising 
engineers who will find the price of 
$15.00 an investment in an invaluable 
tool of infinite use. Anyone interested 
in abstract mathematical problems and 
elegant proofs of theorems will enjoy 
reading it. We would like to draw the 
attention of both readers and users to 
the listing of what the author calls 
“Misleading Errors” inserted before 
the back cover. A.M.H. 


send for the 


MALUED 


1961 ELECTRONIC 
SUPPLY CATALOG 


572 PAGES - MOST COMPLETE 


ALLIED 


BUY AT FACTORY PRICES 
FROM THE WORLD'S LARGEST STOCKS 


we specialize in the supply of: 
®@ Semiconductors @ Connectors 
© Relays © Capacitors 
© Transformers © Switches 

© Controls @ Resistors 

© Special-Purpose Tubes 

© Test Equipment and Meters 

© Knight-Kit" Instruments 

© Knight” Paging & P.A. Systems 

© Electronic Parts for Every Need 


Books Received 


Of the great number and variety of 
books received, those of interest to our 
readers are listed below. This list is 
far from complete. No attempt is made 
at a critical evaluation at this time, 
although we may review any of these 
books in a future issue of Eectro- 
| TecHNo.oey. 


ONE ORDER TO ALLIED 
FILLS THE WHOLE BILL 


Have the world’s largest stocks of 
electronic equipment at your com- 
mand. No need to deal with hun- 
dreds of separate factories—one or- 
der to us fills the whole bill. You get 
same day shipment. You buy at fac- 
Gal ces tee ee ao Axiomatic Set Theory, Patrick Suppes, 
source electronic supply guide. D. Van Nostrand Company, Inc., 


Princeton (1960) $6.00. 
ALLIED RADIO The Birth of a New Physics, 1. Bernard 
100 N. Western Ave., Dept. 47-K | Cohen, Doubleday & Company, Inc., 


Chicago 80, til. New York (1960) $.95. 


your dependable 


source for everything 


in electronic supply 


send for 


FREE 


catalog 


An attractive answer to 


new code requirements 


THREE-WIRE CORD SETS are now 
required by UL, NEC and other codes 
for grounding many products. But to 
comply with these requirements, you 
don't have to sacrifice sales appeal. 
Miller Electric co-ordinates style and 
colors in 3-prong plugs, matching 
adapters and job-rated strain reliefs 
molded on viny! insulated wire. With 
Miller’s imaginative approach to cord 
set design, your products become more 
functional, more attractive, more recog- 
nizable as yours alone — your trade- 
mark can be molded in! And this 


re 


| s Patented 
: FINGER PULL 
‘ Style available 


@ 


design advantage doesn’t cost more — 
may even cost less. Extremely efficient 
production and respect for your sched- 
ules save time and money 

Select from the industry's largest 
line of stock vinyl! plastic cord set 
components or Miller's complete, cost 
conscious engineering service will 
design and develop custom cord set 
components for you. 

A look through Miller's Design Digest 
will give you new ideas about cord sets 
and their value to your products. 


Write Dept. M3 


( Ee FLtecrTrric c 


120 Main St., Pawtucket, Rhode Iisiand 
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in Introduction to the Theory of 
Numbers, Ivan Niven and Herbert S. 
Zuckerman, John Wiley & Sons Inc., 
New York (1960) $6.25. 

The Nature of the Chemical Bond, 
Linus Pauling, Cornell University 
Press, Ithaca (1960) $8.85. 

Descartes: Discourse on Method, trans- 
lated by Arthur Wollaston, Penguin 
Books Inc., Baltimore (1960) §$.95. 

The Higher Arithmetic, H. Davenport, 
Harper & Brothers, New York (1960) 
$1.35. 

Mathematics in Action, O. G. Sutton, 
Harper & Brothers, New York (1960) 
$1.45. 

The Skeleton Key of Mathematics, D 
E. Littlewood, Harper & Brothers, 
New York (1960) $1.25 

The Relay Protection of High-Voltage 
Networks, G. 1. Atabekov, Pergamon 
Press, Inc., New York (1960) $14.00. 

Manual of Mathematical Physics, Paul 
I. Richards, Pergamon Press, Inc., 
New York (1959) $17.50. 

A Concrete Approach to Abstract Al- 
gebra, W. W. Sawyer, W. H. Free 
man and Company, San Francisco 
(1959) $1.25. 

Introduction to Mathematical Thinking, 
Friedrich Waismann, Harper & 
Brothers, New York (1959) $1.40. 

The Computer and the Brain, John von 
Neumann, Yale University 
New Haven (1958) $4.00. 

Dictionary of Physics, compiled and 
edited by H. J. Gray, Longmans, 
Green & Co., Inc., New York (1958) 
$16.50. 

Linguistic and Engineering Studies in 
Automatic Language Translation of 


Press, 
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the new SL-2... 
PEN ETIURT RG 
limit switch 
with 
unlimited . 
Nee arite 
flexibility 


Tailor limit switch performance to your specific job with 
NAMCO’S standard SL-2. This “machine life’ limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 
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Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 


“everytime™ operation under conditions that spell 
machine downtime for other limit switches. 

Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 
¢€ 176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newerk 2, N. J., Chicage 6, Ill., Detroit 27, Mich. 
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COMMUTATORS 


MINIATURES 


Nippert high-precision com- 
mutators are designed for 
your specific requirements... 
and manufactured in any 
quantity with mass-produc- 
tion economies. Our exclusive 
techniques, custom machines 
and engineering service offer 
many other advantages. N-4® 
alloy (Zr-Cu) for high-tem- 
perature applications. Send 
prints for estimates. 


© N-4 is the registered trademark of 
The Nippert Electric Products Co. 


SLIP RINGS 
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SHAPES 


Materials to 
match your 
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for electrical, 
thermal or 
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plications 
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Scientific Russian into English, Uni- 
versity of Washington, Seattle (1958) 
$10.00. 

Prelude to Mathematics, W. W. Sawyer, 
Penguin Books Inc., Baltimore 
(1955) $.95. 

The Scientific Attitude, C. H. Wadding- 
ton, Penguin Books Inc., Baltimore 
(1948) rev., $.85. 


Engineering 
Standards 


EIA Standards 


A new recommended EIA Standard has 
been published. 

RS-232, Interconnection of Data 
Terminal Equipment with a Communi- 
cations Channel (from Standards Pro- 
posal 625), 50¢. 

Copies may be ordered from Elec- 
tronic Industries Association, 11 W. 
42 St.. New York 36. 


ASA-ASME Standards 


The following standards have been 
made available by the American So- 
ciety of Mechanical Engineers in co- 
operation with the American Standards 
Association: 

Y14.15-1960, American Drafting 
Standards Manual, Section 15, Electri- 
cal Diagrams, $1.50. This standard has 
ASA and contains 
detailed recommendations on preferred 


been approved by 


practices for use in the preparation of 
electrical diagrams. 

B1.1-1960, American Standard Uni- 
fied Screw Threads, $5.00. This stand- 
ard covers interchangeability of screws 
and other threaded fasteners among 
mechanisms produced in Britain, Can- 
ada and United States. Edition has a 
redesigned format, increases in certain 
thread tolerances, and additions of 
other classes to the standard thread 
series. 

These standards may be ordered from 
American Society of Mechanical Engi 
neers, 29 W. 39 St.. New York 18 


NEMA Standards 
Tr 1-1960, NEMA Standards Publi 


cation Regulators and 


Reactors, $1.00, is a single-volume com- 


Transformers, 


pilation of all transformer standards. 
which have been 
approved by the American Standards 
Association and NEMA trans- 
former standards which have not yet 
been ASA-approved. 

The publication is available from the 
National Electrical Manufacturers As- 


sociation, 155 E. 44 St., New York 17. 


Included are those 


those 


— 
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DYNACOR, 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


1008 + 4WESTMORE 


SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity . .. under rigid standards 
of control and inspection 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


AVENUE © ROCKVILLE, 
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INC. 


MARYLAND 


PUTTING MAGNETICS TO WORK 


Open your eyes to new amplifier designs! 


See how to combine tape wound cores and transistors 
for more versatile, lower-cost, smaller amplifiers 


Tie tape wound cores and transistors into a magnetic- 
transistor amplifier, and open your cyes to new design 
opportunities. 


lo start with, these are static control elements—no mov 
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components’ size—your amplifier 
is smaller and costs less. That's because between them 
the core and the transistor perform just about every cir- 


cuit function ... and then some. 


For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier. 
The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 
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There's no need for temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 


How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
\lagnetics Inc., Dept. EM-81, Butler, Pennsylvania. 


MAENETICS inc. 


® 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering inserts or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
below. Orders must be accompanied by 
remittance (either in cash or check). 


Please add 3% City Sales Tax on 
orders for New York City delivery. 
Make checks payable to ELectro-Tecn- 
NOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 


Please enclose remittance 
(cash or check) with your order. 


ORDER FORM | 


No. of 
copies 


Price 
Number—The Language of Engineering 
Digital Computing Machines 
The Nature and Control of Corrosion 
Microwaves—Principles and Devices 
Basic Differential Equations 
Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 
Logic—and Switching Circuits 
Infrared—Fundamentals and Techniques 
Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Automatic Control System Design 
Low-Noise, Solid-State Microwave Amplifiers 
Digitel Methods in Measurement and Control 
Fundamental Properties of Piastics 
The Electric Field ... 
Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering 
Heat Flow Theory 
Fundamentals of Ferromagnetism 
Using Fourier Analysis in Design 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 
Slide Rule Mathematics saan 
Casting Resins and Application Techniques 


Total Copies “Total Order 
TO: ELECTRO-TECHNOLOGY, 205 East 42 St., New York 17, N. Y 

NAME . TITLE 
COMPANY 

ADDRESS 


CITY ; ... ZONE 
(Add 3% City Sales Tax for New York City delivery.) 


dress, the following prices (which in 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


to 
“ 


Reprint Title 5 


st 
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Theory of Numbers $.90 
Digital Computing Machines .90 
Corrosion 90 
Microwaves 90 
Differential Equations .90 
Electrical Analogs .90 
Transformer Materials 90 
Molecular Engineering .90 
Logic .90 
Infrared 90 
Thermoelectric Effects 90 
Network Analysis 90 
Determinants and Matrices .90 
Sampled-Data Systems 90 
Microwave Amplifiers 90 
Digital Methods .90 
Properties of Plastics 90 
The Electric Field 90 
Shock and Vibration 90 
Key to Metals .90 
Heat Flow Theory 90 
Ferromagnetism 90 
Fourier Analysis 90 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Slide Rule Mathematics 90 


7% 


Casting Resins .75 
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}) Namber—The Language of Engineering, 
October 1960, 16 pages. The theory of 
numbers is concerned with the properties 
of integers. The modern engineer uses the 
theory of numbers—often without calling 
it by this name—for a wide range of prob- 
lems, such as: the use of the sawtooth 
function to synthesize all types of discon 
tinuous waveforms, the partition function 
for circuit configuration, the representation 
of an integer as a sum of squares, etc. $1.00 


() The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study 
of the causes, mechanics and chemistry of 
corrosion. Interpretation of the basic types 
of corrosion and methods for prevention 
are outlined and discussed. Design conside- 
rations and specific types of materials and 
treatments are interpolated for control of 
specific types of corrosion encountered in 
engineering design. The nature and specifica- 
tion of materials are detailed for better un- 
derstanding of current literature $1.00 


() Microwaves —— Principles and Devices, 
August 1960, 24 pages. An introduction to 
theory and techniques involved with that 
portion of the spectrum known as micro- 
waves. Basic laws and equations of electric 
and magnetic fields include a derivation of 
Maxwell's equations. From this foundation, 
the discussion proceeds to the propagation 
of microwaves in various media, including 
two-conductor, round and square wave- 
guides. Principles are applied to the design 
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and use of four important, practical types 
of microwave equipment: the slotted line, 
the dummy load, rotary joints, and pre- 
selectors. $1.00 


© Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines conducted by ELectro- 
TECHNOLOGY presents the essential 
characteristics of all digital com- 
puting machines in production and 
in advanced stages of development. 
Principles of operation and applica- 
tions for design engineers $1.00 


©) Basic Differential Equations, July 1960, 
20 pages. Differential equations are mathe- 
matical models to describe relationships of 
mass, motion and time as functions of inde- 
pendent variables. In network applications, 
the independent variable is always time; in 
non-network applications it is length or 
time. The physical problems of the effects 
of mechanical forces, of temperature, of vi- 
bration, etc., expressed by mathematical 
symbols, can be analyzed and solved. Basic 
differential equations and methods of solu- 
tion are demonstrated $1.00 


() Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic states 
of mechanical systems are readily visualized 
and evaluated by translation of the system 
parameters into clectrical network equiva- 
lents and the use of network analysis meth- 
ods. The reasoning behind the analog ap- 
proach, and the various analog forms which 
may be used, are explained and illustrated. 
Included are thorough discussions of the 
principle of duality of analog, the reasons 
for choosing a circuit or its dual for a par- 
ticular analysis, and the use of distributed- 
parameter networks (long lines) to simulate 
certain mechanical elements. $1.00 


©) Introduction to Molecular Engincering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. The definitions are supported 
by brief examples. The various approaches 
to molecular engineering are examined. 
Considerations such as purity and form of 
materials are discussed. Part II examines the 
elements of the classical macroscopic ap- 
proach to the behavior of materials as well 
as the microscopic or molecular approach. 
Part III provides extended examples of mo- 
lecular engineering in the areas of electrical 
insulation, microwave amplifiers, thin-film 
devices and microminiature electronics func- 
tion blocks. Tables, charts, literature refer- 
ences, and glossary. $1.00 


© Legie—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle's 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-sche- 
matic form. Modern logic is presented as a 
powerful tool for the engineer who must 
find the optimum out of many possible solu- 
tions to a problem for which there is no 


OCTOBER 1960 


unique, neatly labelled true-or-false answer. 
The article deals with methods applied to 
solve the problems of circuit synthesis, the 
principles of circuit design, and the funda- 
mental ideas which can be applied to the 
design of the most complex circuitry. The 
principles underlying the design and use of 
computing machines are given. $1.00 


© Iafrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. A com- 
prehensive introduction to the theory of one 
of the most rapidly growing fields in engi- 
neering. Basic principles of radiation and 
detection (including Wien's Law, Rayleigh- 
Jeans Law) are derived and explained. Ef- 
fect of infrared on metals, ionic crystals, 
and semiconductors is described with regard 
to the use of these materials in infrared sys- 
tems and devices. Various types of sources, 
windows, prisms, detectors, and spectro- 
graphs are discussed qualitatively. Also in- 
cludes theory of use of infrared in practical 
applications such as thermal mapping, mis- 
sile tracking, chemical analysis, etc. $1.00 


© Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermoelec- 
tric phenomena are considered: power gen- 
eration, heating, cooling, and temperature 
sensing. Author Robert P. Benedict, of 
Westinghouse Electric Corp., is an authority 
on thermocouples $1.00 


© Tramsformer Materials for Ex- 
treme Environments, March, April, 
May and June 1960, 28 pages. A se- 
ries of four articles interpreting re- 
search and development on small 
transformers designed to operate un- 
der extreme environments of 500 C 
temperature and nuclear radiation. 
This series on the work carried out 
under Air Force and Bureau of Ships 
contracts presents the development 
and results of research on: electrical 
insulation materials, magnet wire 
(both wire and insulation), magnetic 
core materials, and transformer struc- 
tural materials used in the design of 
these components. $1.00 


© Network Analysis, January 1960, 28 
pages plus cover. With preliminary concen- 
trated treatment of elementary concepts of 
circuit analysis, the author presents a discus- 
sion of present-day practices in network en- 
gineering and their theoretical background. 
Network theory as a coherent and unified 
study is stressed, as contrasted with the less 
powerful and less useful traditional ap- 
proach to circuits which involved isolated 
and unrelated “methods” of analysis. $1.00 


() Determinants and Matrices, December 
1959, 20 pages plus cover. The electrical net- 
work is used as the primary example of the 
engineering problem in which analysis leads 
to mathematical systems of equations that 
readily become so numerous and involved 
as to require an objectionable amount of 
time for manipulation. The principles treat- 
ed in this article apply to all problems in- 
volving numerous mathematical statements. 
Included are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher-order 
systems, and the underlying principles of 
matrix algebra with examples to demonstrate 
the time- and error-saving advantages of 


these two forms of mathematical short- 
hand. $1.00 


© Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch, analog- 
digital converter, digital computer, etc. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Written by 
Carl O. Carlson of the National Cash Reg- 
ister Co., whose contributions to the art in- 
clude: the use of the normalized sT plane 
for analyzing sampling adequacy, “pseudo- 
sampling” for determining between-sample 
response and the use of the z transform for 
table-generating function. The last is pre- 
sented for the first time in this article. $1.00 


© Lew-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
An engineer-oriented examination of the 
basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. Written 
by R. D. Haun, Jr., and T. A. Osial of the 
Westinghouse Research Labs. $1.00 


© Digital Methods in Measurement and 
Control, September 1959, 20 pages plus cov- 
er. This review of digital techniques covers: 
(1) characteristics and advantages of the 
digital, or numerical approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage, including 
flip-flops, AND, OR, NOT, NOR circuits, com- 
parators, memory devices and relative char- 
acteristics of cores, tubes, transistors and 
relays; (4) digital measurement devices, in- 
cluding pulse generators, counters, voltage 
converters, proximity pickups and position 
transducers; (5) digital control actuators. 
Written by Michael H. Nothman, Gilfillan 
Bros., Inc., Los Angeles. $1.00 


0 The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for me- 
chanical, electrical and chemical properties 
of polymers. Bibliography and glossary pro- 
vided. Written by Thomas D. Callinan, Re 
search Center, International Business Ma- 
chines Corporation, and Alex. E. Javitz, 
Special Features Editor, ELectro-TEcHNoL- 
ooy. $1.00 


© Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering 
feature both safe and handy will 
want this maroon-colored binder 
made of flexible, Morocco-grained 
leatherette stamped in gold. The 
standard 1%-in. rings will accom- 
modate about twenty S & E re- 
prints. $2.50 


© The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
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Save Threading Costs! 


GET YOUR THREADS FREE 


by fastening with 


PALNUT SELF-THREADING NUTS 


Automatically form deep, clean threads while 
turning on unthreaded studs, rods, wire and pins 


yy 


ed 


Wy 


WASHER TYPE—STYLE SD 


One-piece self-threading nut performs 
functions of ordinary nut, lockwasher 
and fiat washer. Resilient washer base 
avoids distortion of sheet metal or 
damage to fragile parts. Several base 
diameters; also with bonded-in plastisol 
compound to seal ovt water and dirt. 
Sizes for Ye", 2", Ve” and Ya" dia. 
studs and rod. 


REGULAR TYPE—STYLE SR 


For assemblies where space is limited. 
Uses shorter studs, less seating area. 
Competitive with push-on fasteners, 
assemblies fast, assures tight assemblies. 
Mey be used with internal wrench. 
Sizes for Vs", %/a2” and */6” dia. rod, in 
verious hex widths. 


Low in price 
e Easy, fast assembly 
Strong, vibration-proof grip 


Spring-tempered stec! PALNUT Self- 
threading Nuts apply like any ordinary 
, using standard tools or PALNUT high- 
i wrenches. Always as- 


pe magnetized 


nble perfectly—even on off-angle studs, 
¢, against curved surtace 
seated of 
re-used on 

lic cast studs, 
stecl, brass, alumi- 


or any malleable 


ACORN TYPE—STYLE SC 


Decorative, dome-shaped self-threading 
nut covers end of studs or rods to pro- 
tect agains? scratching, snagging or 
tearing, while adding a pleasing ap- 
peerence. Costs less than threaded cap 
nuts. Sizes for Ye", a2” and Ae" dia. 
studs and rods. 


Write for Bulletin 585-A and Free Samples, 
stating style, size and application. 


THE PALNUT COMPANY 


Yivision of United-Carr Fastener Corp 


66 Glen Road, Mountainside, N. J. 


Canada: P. Ll. Robertson Mig. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 


Circle 205 on Inquiry Card 


tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


(1) The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The nature of 
shock and vibration is given in terms of 
classical physics and mechanics. The major 
types of vibration are discussed (periodic, 
random, structural and airborne); also the 
major types of shock (velocity, simple im- 
pulse, single complex and multiple). Com- 
bined environments are also treated. A sec- 
tion is devoted to the effects of shock and 
vibration on missile electronic components 
Types of damage are tabulated and ana- 
lyzed; principles of testing are given; specifi- 
cations are summarized. Glossary and Bibli- 
ography included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration Branch, 
Mechanics Division, U. S. Naval Research 
Laboratory $1.00 


© Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of met- 
allurgy are presented and structural charac- 
teristics of metals related to design concepts 
Physical and mechanical properties of met- 
als defined. The nature and specifications of 
metals are detailed for better understanding 
of current literature. The effects of environ 
ment and mechanisms of damage are illus- 
trated. Iron and steel, alloys of aluminum, 
precious and rare metals, copper, nickel and 
magnesium are presented in their basic de- 
sign relationships to fundamental properties 
Written by S. H. Avner, N.Y.C. Community 
College, and Harold E. Barkan, Associate 
Editor, Ex ecrro-TeCHNoLocy $1.00 


©) Heat Flow Theory, April 1959, 20 pages 
A concise review of the major analytical 
techniques developed over the years to solve 
heat flow problems. Basic equations for 
conduction, convection and radiation are 
derived. Dimensional analysis is used to es 
tablish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection expres- 
sions. Empirical equations are solved using 
simulated experimental data. Examples are 
chosen from electrical and electronic (tran- 
sistor) applications. Written by Allan D 
Kraus, an electromechanical engineer at 
Sperry Gyroscope Company $1.00 


© Fundamentals of Ferromagnetisom, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Explains magnetic be- 
havior and properties of magnetic materials 
in terms of fundamental electron interac- 
tions. Includes: Origins of Ferromagnetism, 
Internal Structure of Ferromagnetic Mate 
rials; Magnetization Curves; Time Effects in 
Soft Magnetic Materials; Effects of Atomic 
Ordering in Alloys; Interactions for Heter- 
ogeneous Systems; Magnetic Materials of the 
Present and Future. Written by Anthony 
Arrott and J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co $1.00 


( Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. In system and subsys- 
tem design, Fourier analysis permits the de- 
sign engineer to design or select devices for 
a particular transient performance solely on 
the basis of their steady-state sinusoidal per- 
formance. A_ thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular 
problems often encountered. Written by Ira 


Ritow, Airborne Instruments Laboratory. 
$1.00 


(Continued on page 229) 
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~ Unmasked... 


the true story 


of motor insulation 
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INDUSTRIAL COMPONENT 


OF 


ae 


“PROCESS Ce Lee 


The selection of insulation materials— 
and the methods of their application—are 
basic factors iafhe performance of every 
electric motor. Yet their true significance 
has escaped many motor buyers... hidden 
by a mask of tricky trade names and claims 
for “cure all’ insulations that simply do 
not exist. 

To help any motor buyer become a wiser 
buyer, Fairbanks-Morse has prepared these 
two new brochures. They separate the 
facts from the fiction about insulation sys- 
tems. They are based upon the authority of 
long years of proved practices. Yours for 
the asking . . . write: Electrical Division, 
Fairbanks, Morse & Co., Freeport, Illinois. 







FAIRBANKS-MORSE ELECTRIC MOTORS 
FROM TO 10,000 HP 


Fairbanks, Morse 


SL BeGTRIGAL GOIVISION 


A 
FAIRBANKS WHITNEY CORPORATION 


“SELECTION AND APPLICATION’ 


SOLVING MATBE 
DESIGN PROBLEMS 


BOND STRENGTH 


The trick is in the adhesive. CDF’s Di-Ciad® printed circuit boards are tested for bond strength in this precision machine. 


CDF has developed special adhesives for bonding 
copper foil to laminated plastic boards. These adhesives 
produce high peel strength, have excellent hot solder 
resistance, etch cleanly, and provide high insulation 
resistance. 


In addition to its own adhesives, CDF makes resins 
and papers. This extends quality control several 
steps beyond simple pressing operations . . . provides 
you with Di-Clad boards of excellent and uniform 
properties. 


CDF manufactures the largest selection of grades to 
meet every major civilian and military requirement. 


In addition to Di-Clad printed circuit boards, CDF has 
special combination materials to solve extra trouble- 
some problems. Example: asbestos bonded vulcanized 
fibre for circuit breaker arc chutes where the fibre 
quenches the arc and the asbestos guarantees fire 
resistance. 

If you don’t see the grade you want in CDF’s catalog in 
Sweet's PD file, write us. 


@ CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE -A¥ms4— COMPANY * NEWARK 13, DEL. 


In Canada, 46H 


Vibration-free piug bases, fabricated 
by CDF. A special bond of CDF Dilecto 
laminated plastic and rubber 


tary applications 
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High reliability printed circuits for mili commercia 
Made from CDF’'s giass from CDF 
base Di-Clad laminated plastic 


ger Road, Toronto 16, Ont. 


circuits Made 
S paper-based Di-Clad copper: 
clad laminate 
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Science & Engineering 
Reprints (Continued) 


——————= COMPENDIUMS 


() Automatic Control System Design, 64 
pages plus cover. A practical textbook, com- 
plete as to theoretical detail, on the design 
of servomechanisms. In the process of de- 
scribing design by transfer function, system 
equation, and root-locus methods, techniques 
of analysis such as Bode diagrams, Routh’'s 
criterion, and Nyquist plots are also present- 
ed. Includes background material on com- 
plex variables and Laplace transforms, bibli- 
ography for further study. Originally pub- 
lished in ELBCTRICAL MANUPACTURING as a 
series of six articles. Includes: Control Sys- 
tem Representations, December 1959 issue, 
a two-page chart showing seven basic con- 
trol-system element classifications and their 
various common representations, including 
transfer functions, equivalent analog com- 
puter circuits, Bode diagrams, Nyquist dia- 
grams, and time constants. Written by Ira 
Know, Airborne Instruments Laboratory. 
$3.00 





() Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 
~—both combinational and sequential 
—in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub 
lished articles plus a never-before-pub- 
lished appendix. Written by Boris 
Beizer, Airborne Instruments Labora- 
tory, and Stephen W. Leibholz, Re- 
public Aviation Corporation. $2.00 


() Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. A 
practical guide to the understanding of the 
slide rule and its application to engineering 
problems, this combined reprint traces the | 
logical development of the slide rule's fun- | 
damentals and compicre concise instructions 
for its use. Major topics include: The Basic | 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry: The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations: The Circular Slide 
Rule. Written by Ira Ritow $1.00 


© Five-Year Annotated Editorial Index to | 


Electrical Manufacturing, 60 pages. A short- | 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short | 
article published in EvecrricaL MANuPAC- 
TURING during the 5-year period from 1951- 
1955. $1.50 


© Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, en- 
capsulation, and impregnation of circuit 
units and components. Individual articles 
cover: property data on casting resins; eval- 
uation tests on resin systems; results of en- 
vironmental tests on embedded units; process 
control problems. Annotated bibliography of 
articles is included $2.00 
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end of book as a convenience to the 
reader in obtaining further informa- 
tion on-— 

* New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 


Circle 208 on Inquiry Card > 


Harper produces over 100 alloys to 
“thread the needle” in meeting your 
specific corrosion-resistant needs 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Exec- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprint of articles in 
this and previous issues are briefed 
here. Any regular Evectro-Tecu- 
NOLOCY reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


0) 930—Analytical Methods for Perma- 
nent-Magnet Design, Parts 1 and 2, Septem- 
ber and October 1960, 19 pages. Following 
a review of the physics of permanent-magnet 
behavior, design methods for open-circuit, 
permanent-magnet structures are explained. 
The more complex considerations involved 
in small air-gap magnet designs are then 
introduced, and effective design methods for 
such applications developed. The use of 
electrical network analogy methods in mag- 
net design is explored; examples support all 
the design method discussions. 


0) 918—Modalar Flow Graphs for Network 
Analysis, October 1960, 9 pages. A brief 
resumé of flow-graph principles, a short 
statement of rules for the manipulation of 
simple flow-graph forms, and a definition 
and description of basic modules for simple 
two-port networks. The modular concept is 
expanded to include flow graphs represent- 
ing three-terminal devices. These are used 
as modules to construct more complex flow 
graphs. Subsequently, the complex flow 
graphs are reduced to obtain, again, simple 
basic modules. 


© 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. A two-part article discussing flat- 
conductor cable systems. The first part in- 
cludes cabling techniques and performance 
characteristics of flat-conductor flexible 
cables. Specific data are given on load-carry- 
ing capabilities, crosstalk, r-f attenuation, 
and on shielding techniques, among other 
considerations. The second part discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. Several connector designs are 
illustrated and specifications for a standard 
conductor are presented. Finally, the advan- 
tages of the flat-conductor cable system are 
summarized. 


0 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomo- 
graphs (with emphasis on the latter) which 
can be used to record and display data. 
Specific instructions for constructing nomo- 


230 


Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of 


No. of 
Reprints 412 


Single-Subject Reprints 
Number of pages 


16-32 


Gratis Gratis 
$2.00 $3.75 
3.75 6.00 
7.50 12.50 


graphs, including pivoted, unevenly spaced, 
and “N” types. 


[) 907—Designing Passive and Tunnel- 
Diede Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion is defined and the predistortion 
procedure explained. An illustrative example 
of predistortion is given. Reverse predistor- 
tion is discussed. Illustrative examples of 
uniform and nonuniform reverse predistor- 
tion are presented which may be applied 
to the exact design of practical networks. 


©) 950—Magnetic Amplifier Outpet Cir- 
cuits, August 1960, 5 pages. A straightfor- 
ward method for comparative evaluation of 
complex reversible-half-wave and reversible- 
full-wave magnetic amplifier circuits as 
building-block arrangements of basic half- 
wave self-saturating circuits. Figures of 
merit are given for over 50 output circuit 
combinations. 


() 901—Function Generators Using the 
Hall Effect, August 1960, 3 pages. The na- 
ture of the Hall effect is reviewed, and the 
fundamental voltage and geometrical rela- 
tions are presented. On this basis the possi- 
bility of using the Hall phenomenon for 
angular function generators is investigated, 
and the various potential characteristics of 
such generators considered. 


C 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus. Bas- 
ic principles are explained. Automatic pro- 
gramming and machine languages—designed 
for the scientist and engineer who has little 


knowledge of digital computers and who 
wants to write his own programs—are pre- 
sented. Typical examples are given. 


() 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


0 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


0 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types. Se- 
lected transistors representing these four 
types were tested in an environment equiva- 
lent to that of a nuclear explosion. Damage 
data were analyzed so that behavior of pres- 
ently available transistors could be predicted 
and related to missile design. The mecha- 
nism of damage is explained and data analy- 
sis for radiation damage is given in graphs 
and charts 


0 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee 
Five award technical papers are summarized, 
covering a broad range of relay-development 


aspects. 


© 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined re 
print of a two-part article giving in detail 
the past, present, and future state-of-the-art 
of microminiaturization. Covers the reduc- 
tion in size and weight of all subminiature 
electronic component parts including: sub- 
strates, conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state di- 
odes and transistors. Also includes thin-film 
techniques and integrated solid circuits. 


() 926—Plastics Molding Materials for 
Structural and Mechanical Applications, 
May 1960, 11 pages. A review of plastics 
molding materials, based on structural and 
mechanical properties and design parameters 
Newer materials are described in detail. Sig- 
nificance of test methods is discussed, with 
supporting tables and graphs 


(© 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re- 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained a‘ the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to E_ectro-Tecu- 
NOLOGY. 


[) 949——How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
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versal ratio sets can be calibrated by boot- 
strap methods, also how two standard types 
of instrument potentiometers can be cali- 
brated using the standard cell and a univer- 
sal ratio set. 


©) 948—Power-Supply Circuit Design by 
Digital-Computer Method, May 1960, 7 
pages. Designing power-supply circuits with 
the help of a digital computer relieves the 
design engineer of many time-consuming, 
routine chores. Laboratory data are com- 
pared with the computed data. 


© 935—Precision Ball Bearings for Elee- 
tromechanical Instruments, May 1960, 4 
pages. Elements of ball-bearing application 
factors in representative types of critical in- 
struments such as servos, synchros, resolvers, 
gyro gimbal bearings and gyro spin motors. 
Bearing design, materials, lubricants, load- 
ing, life expectancy and fits are discussed, as 
related to bearings approximately 1 in. OD 
and smaller. 


C) 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


© 947—The Postulates of Boolean 
Algebra in the Languages of —_ 
Words, Mathematics, Logic, 
neering, Geometrical Diagrams, "oe. 
cult Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
For the designer of logical circuitry, 
this tabulation provides not only an 
at-a-glance “translation” from one 
symbolism to another, but also the 
conversion from sums to products 
(and vice versa). 


) 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, it is demonstrated 
that circuit performance unobtainable with 
lumped-parameter arrangements can be 
achieved by the layer method. 


() 928—Magnetiom Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


© 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. The properties of copper and 
its alloys are related to the design needs of 
electronic equipment and systems. Applica- 
tions of materials to design parameters are 
illustrated and developed. 


() 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected ASMA standards. 


OCTOBER 1960 


() 921—Powder Metallurgy Parts — Their 
Advantages in Design, March 1960, 9 pages. 
A definitive exposition of the advantages of 
powder-metallurgy techniques in design of 
electrical and electronic components. Spe- 
cific case histories illustrate design experi- 
ence with these compacted and sintered ma- 
terials. Properties and other design parame- 
ters are explored and illustrated by charts 
and photographs. 


() 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Since “wire size” in 
terms of cither diameter or area is a primary 
factor in coil design of any kind, mathe- 
matical relations for design must include it. 
For practical reasons, wire size is a step 
function: only particular sizes are available 
Coil design therefore becomes a matter of 
judicious compromise, involving successive 
approximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil de- 
sign to minimize repetitive computations. 
Derivations and examples support the design 
charts. 


() 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of the most recent addition to negative-re- 
sistance semiconductors is explained in 
terms of the wave-like properties of elec- 
trons. The diode’s small-signal behavior is 
described, its application as a low-noise am- 
plifier examined, and its noise figure of 
merit established. Other uses are as low- 
level oscillator and an ultra-fast bistable 
switching device. 


C) 923—Design Techniques for Static In- 
verters—Parts 1 and 2, January and Feb- 
ruary 1960, 20 pages. Combined reprint of 
a two-part article giving the theory behind 
the circuits of a complete semiconductor in- 
verter (primarily for aircraft use) and prac- 
tical advice on the actual design of such 
instruments. The inverter is broken down 
into $5 subcircuits—oscillator, control, drive, 
power and filter—and many examples of var- 
ious types of each are given. Space, weight 
and efficiency problems are also considered. 


() 943—?P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran- 
sistor-like devices which can be switched by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. Mathematical e¢x- 
pressions derived for operating parameters. 


() 946—Prevention of Electric Shock Haz- 
ard as a Basic Design Consideration, Janu- 
ary 1960, 5 pages. The importance of stress- 
ing electric shock hazard factors in the 
preliminary stage of equipment design is 
discussed. Applicable data from the litera- 
ture have been analyzed and suitable graphs 
and nomographs derived for design purposes. 
Major shock hazards such as large non-cur- 
rent-carrying metal parts and exposed sharp 
parts are discussed, as well as other specific 
design problems. 


©) 945—Research Progress in Dielectrics— 
1959, January 1960, 11 pages. The 13th an- 
nual on-the-spot review of the Conference 
on Electrical Insulation of the National 
Academy of Science-National Research 
Council. The review abstracts and interprets 
the papers and discussion in the light of 
their short-range and long-range effects on 
problems in equipment and systems design. 
Included are discussions on research activi- 
ties in high-temperature materials, nuclear 
radiation effects, capacitor dielectrics, mi- 
crowave properties, and associated test 
techniques. 


() 915—Editorial Index to ELec- 
TRICAL MANUPACTURING for 1959, 24 
pages. This yearly subject-classified 
index is completely annotated. In- 
cludes author index, plus separate in- 
dices for Editorial page, 

Trends, and Research Notes depart- 
ments. Also reproduces the ELEc- 
TRICAL MANUFACTURING Subject Clas- 
sification and Alphabetical Subject 
Cross Index which form the basis of 
the index system. 


2 906—Magnetic Amplifier Computing 
Control Circuits, December 1959, 9 pages. 
Building-block approach to analog control 
circuitry using standardized plug-in preci- 
sion magnetic amplifiers. Covers amplifier 
design of one manufacturer, basic circuits, 
typical applications, and procedures for 
designing equation-solving circuitry to imple- 
ment Laplace transforms. 


0 904—Aluminum — Its Electromechanical 
Function in Design, December 1959, 11 
pages. This Staff Report stresses the mechan- 
ical and structural uses of aluminum and its 
alloys (as distinct from electrical conductor 
applications) in a wide spectrum of electri- 
cal components and equipment. Applicable 
properties and their design significance are 
discussed and suitable graphs and tabular 
data are provided. Special considerations 
such as effects of corrosion, thermal condi- 
tions, and fabrication discussed in detail. 


© 937—Effects of Temperature on A-C 


Magnetic of Nickel-Iron Alloys, 
December 1959, 6 pages. A report on the 
second half of a two-part study to provide 
design data for development magnetic de- 
vices and to observe temperature-compensa- 
tion parameters for existing applications. 
Results are reported in the form of curves 
for 60, 400, and 1000 cps describing varia- 
tion of core loss per unit of weight and rms 
exciting volt-amperes per unit of weight as 
temperature varies. Six alloys are reported 
for the temperature range —60 to +256 C. 


—- 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This reprint is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” by Ira Ritow 
(see p 229). For those who ordered 
the latter previously, this chart may 
now be obtained individually free of 
charge by circling the proper number 
on the Reader Service postcards at 
end of book. 


(1 939—Inherent Motor Overheat Protec- 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described, 
both involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature-coeffi- 
cient resistor mode. Cutler-Hammer’s ap- 
proach makes use of the well known negative 
temperature coefficient of thermistors ap- 
plied in a transistor circuit. 


© 917 — Motor-Blower Selection Factors, 
November 1959, 6 pages. Performance char- 
acteristics and factors such as relative space 
and cost of the two principal forms of blow- 
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Low Cost, UL-approved Insulation Combines Best 


Features of Vulcanized Fibre and Phenolic Laminates 
This is ANILITE—A combination of vulcanized fibre and synthetic resins, 


Anilite is a unique insulating material. It has the good electrical properties 
and mechanical strength of vulcanized fibre, together with the low 
moisture absorption usually associated with phenolic laminates, even in 
severe environmental conditions. Underwriters’ Laboratories have 
approved Anilite for sole support of current carrying parte up to a 
maximum temperature of 150°C 


This is how you can use ANILITE — One of the most evident applications is 


in low cost insulation for appliances, household wiring devices, and 


switches requiring UL approval. Because Anilite has excellent are and 
flame resistance, it is a natural material for arc barriers, deflectors, and 
shields in switch-gear. Its ability to be permanently formed or shaped 
further increases its design pussibilities 

These are the properties of ANILITE—The chart below compares some 
typical values of Anilite with those of a vulcanized fibre and a phenolic 
laminate. The properties (and price) of Anilite are between the 

two standard materials. The exception is are resistance which is superior 


to the laminate 


Flexural Strength, psi 
| Impact Strength, ft.-Ibs./in. . 
| Dielectric Strength, volts/mil 
| Arc Resistance, ASTM, secs. 


ee ; 
L Water Absorption, Ys" thk., % in 24 hours 


For more information about ANILITE —Send for Technical Bulletin 
No. 304-101. Contact your nearby NVF Sales Office, or write us direct— 
] dept. C-10, Wilmington 99, Delaware. 


NATIONAL WULCANIZED FIBRE CO 


WILMINGTON 98, DELAWARE In Conodo: WATIONAL FIBRE COMPANY of CANADA, Lt4., Torente 3, Ontarie 
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TABON 
TERMINALS 


and Insulating Sleeves 


For Quick 
Connect / Disconnect 
Applications 


> Exclusive MALCO 


Design eliminates faulty 
connections ... assures 
uniform crimping. 


Specially contoured insulating 
sleeve accurately guides termi- 
nal into position on male tab. 
Entry of male tab (outside of 
terminal) within the insulating 
sleeve is positively prevented. 

Malco Terminals are avail- 
able in chain form for rapid 
machine crimping to wire. In- 


sulating sleeves are 


also machine applied 


REQUEST 


BULLETIN ~ 
NO. 603 orecbes| 


MANUFACTURING CO. 


4021 W. Loke S » Chicago 24, tI! 
eo A BAM INNES A RTM NORE. OREM 
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er impeller are discussed. The economics 
and engineering aspects of direct motor 
drive are compared with belt drive for blow- 
er as a guide for selection. 


{) 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for the 
application of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint Indus- 
try Conference held in Detroit, March 
1957. Single reprints, no charge. Mul- 
tiple quantities may be obtained at 
the following prices: 5—$3.75; 10— 
$6.00; 25—-$12.50; 50—$20.00; 100— 
$30.00. Send check with order pay- 
able to Execrro-TecHNoLocy, 205 
East 42 Street, New York 17 


(1) 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design and evalua- 
tion. 


) 913—Engineered Cooling Cuts Equip- 
ment Bulk, September 1959, 10 pages. The 
essential theory and key design concepts of 
heat-flow engineering were established in the 
Basic Science article “Heat Flow Theory” 
(EvectricaL MaNUPACTURING, April 1959— 
see also Science & Engineering Reprints in 
this issue). The present article, by the same 
author, projects these principles into specific 
analytical design procedures for heat ex- 
changers for cooling and adding heat as 
desired in equipment assemblies and enclo- 
sures. 


922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by the 
Plant Engineering Electronics Committee of 
General Motors Corp., are offered for gen 
eral industry use in conjunction with the 
JIC Standards for Industrial Equipment (see 
Reprint 924) 


Postcard return forms are provided 
at end of book as a convenience to 


the reader in obtaining 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed 


Literature for the Design Engineer 
A copy of any manufacturer's 


publication reviewed 


Feature Article Reprints 
Single copies of selected feature 


articles 


Advertised Products 
More information on any prod- 
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ALSO CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 


many special grades. 


Puenoute® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
shenolic, melamine, polyester, epoxy 
or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


Pueno.te Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


Baltimore VAlley 3-0393 
Boston TWinbrook 4-3500 
Chicago AUstin 7-1935 
Cincinnati GArfield 1-0632 
Cleveland ERieview 1-0240 
Dallas DAvis 4-4386 
Detroit UNiversity 3-3632 
Griffin, Ga. GRiffin 8-1308 
Indianapolis WaAlnut 34-6381 
Los Angeles RAymond 2-0391 
Milwaukee BRoadway 6-6995 
New Haven LOcust 2-3594 
Newark Mitchell 2-6090 
New York COrtlandt 7-3895 
Philadelphia SHerwood 8-0760 
Pittsburgh FAirfax 1-3939 
Rochester Hillside 5-0900 
St. Lovis PArkview 5-9577 
St. Petersburg 5-5505 


San Francisco 
Seattle 
Wilmington 


IN CANADA: 


DAvenport 6- 
MElrose 
OLympia 5- 


National Fibre Co. of Canada, Ltd. 


Toronto 
Montreal 


LEnnox 2- 
AVenue 8- 


4667 
7298 
6371 


3303 
7536 


WATIONAL 


' VULCANIZED FIBRE co 


ye 


in Caneda: 


MINGTON 


99, DELAWARE 


WATIGHAL FIBRE COMPANY OF CANADA, LTD., Terente 3, Ontarie 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-ir. use in electrically energized end products. 


PLASTICS PRODUCTS 


Twelve-page booklet describes proper- 
ties and typical end uses of a diversified 
line of plastics materials. Booklet in- 
cludes detailed results of ASTM tests 
on company’s styrene, polyethylene and 
vinyl chloride molding compounds. 
There is information about forms and 
characteristics of fabricating, extrud- 
ing, calendering and laminating mate- 
rials; industrial, textile, surface and 
paper-coating resins; adhesives and in- 
termediates. Dept. FF, Monsanto Chem- 
ical Co., Springfield 2, Mass. 

Circle 756 on postcard at end of book 


EPOXY FOAM PELLET 


Density, insulation resistance, electric 
strength, moisture absorption and other 
properties of No. 5500 epoxy foaming 
formulation are listed in one-page data 
sheet. Epoxy Products Div., Joseph 
Waldman & Sons, 137 Coit St., Irving- 
ton, N. J. 

Circle 757 on postcard at end of book 


POTTING COMPOUND 
Epoxy resin with low viscosity and 
good penetration is described in two- 
page Technical Bulletin EP-60-20. “Ep- 
ocast” H-1338 is intended for Class-A 
temperature service. Volume resistivity 
(ohm-cm) ranges from 1.0 10% to 
18 10% at 75 F and 4.8 10° to 
9.9 &K 10° at 200 F, depending upon 
hardener used. Furane Plastics, Inc., 
1516 Brazil St., Los Angeles 39. 

Circle 758 on postcard at end of book 


HIGH-TEMPERATURE FIBER 


“Tipersul” Technical Information Bull- 
etin 2 explains that fibrous potassium 
titanate has low thermal conductivity 
to 2200 F and fairly good electrical 
properties. Nine pages give complete 
specifications and applications (elec- 
trical insulation, thermal insulation, 
resin reinforcement, filter medium, 
acoustical insulation, etc.). E. I. du Pont 
de Nemours & Co., Inc., Pigments Dept., 
Specialty Products Section, Wilmington 
98, Del. 

Circle 759 on postcard at end of book 


FELT APPLICATION GUIDE 


Eight-page illustrated booklet describes 
standard, laminated, coated and im- 
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pregnated felts for industry, lists trade 
names of manufacturer’s special-pur- 
pose felts, and applications. American 
Felt Co.. 2 Glenville Rd., Glenville, 
Conn. 


Circle 760 on postcard at end of book 


NYLON PROCESSING 


Illustrated two-page technical reprint 
on methods of processing nylon parts 
discusses factors to be considered in 
choosing between fabrication and mold- 
ing. National Vulcanized Fibre Co., 
1060 Beech St., Wilmington 99, Del. 
Circle 761 on postcard at end of book 


SINTERED NYLON PARTS 


Four-page Bulletin BR-1111 on nylon 
wear-resistant components, formed by 
cold pressing and sintering nylon 
powders, lists formulations available 
Application stori@s included. Polymer 
Corp., 2120 Fairmont Ave., Reading, 
Pa 

Circle 762 on postcard at end of book 


PROTECTIVE METAL FINISH 


Lacqua M-800 bulletin, two pages, in 
troduces a corrosion-protective finish 
for brass or brass-plated steel parts. 
Non-flammable, water-thinnable system 
for dipping purposes withstands 96-hr 
salt-spray test. Protective film is clear. 
Logo Div., Bee Chemical Co., 12933 So. 
Stony Is. Ave., Chicago 33. 

Circle 763 on postcard af end of book 


ULTRA-PURE GOLD 
Bulletin HP-101 


semiconductor uses of 99.999 per cent 


One-page describes 


matrix element for 
solders lo 


pure gold as a 
forming low-temperature 
join silicon and as a carrier for doping 
elements. Physical properties are also 
listed. High Purity Metals, Inc., 340 
Hudson St., Hackensack, N. J. 

Circle 764 on postcard at end of book 


ANTI-STATIC SOLUTION 
FOR PLASTICS SURFACES 


Bulletin 143 presents information on a 
solution which, when applied to plastic 
neutralizes static-charge 
build-up. “Lint-Off’ 7527 may be ap 
plied by hand wiping or direct transfer 
from soft wipe-off buffing wheel. Does 
not harm either thermoplastic or therm 


surfaces, 


osetting plastics materials. Lea Manu- 
facturing Co., 16 Cherry Ave., Water- 
bury 20, Conn. 

Circle 765 on postcard at end of book 


RUST PREVENTIVE 


Rust Pel 5 Bulletin, one page, des- 
cribes a water-thinned dipping solution 
which leaves a clear film on metal sur- 
face to be protected. Water-resistant 
film, which cannot be detected by touch 
or appearance, may also be applied by 
brush or spray. Mitchell-Bradford 
Chemical Co., Wampus Lane, Milford, 
Conn. 


Circle 766 on postcard at end of book 


THERMISTOR MANUAL 


Twenty-page Manual EMC-4 describes 
what thermistors are and what they do, 
gives several examples of use and lists 
ratings of manufacturer's thermistors. 
Booklet also includes resistance-temper- 
ature tables and a list of problem 
solving aids for circuit design. Fenwal 
Electronics, Inc., 51 Mellen St., Fram- 
ingham, Mass 

Circle 767 on postcard at end of book 


SILICON RECTIFIER 


Bulletin S-10]1 announces “HI-60” recti- 
fier manufactured by double diffu- 
sion process and capable of withstand- 
ing surge currents of 60 amp. Two page 
sheet gives specifications including rms 
input voltage, 130 volts max; piv, 400 
volts; output current, 750 ma d-c avg. 
Britton Electronics Corp., 19 Warren 
Pl., Mount Vernon, N. Y. 

Circle 768 on postcard at end of book 


INSTRUMENT RECTIFIERS 


Instrument rectifiers, 160-U, in selen 
ium or copper oxide, are described in 
one-page specification sheet. Units fea 
ture all-metal structure, dual mounting 
holes, choice of wire or filiform leads, 
and a selection of finishes. Conant Lab 
oratories, Box 3997, Bethany Station, 
Lincoln, Neb. 

Circle 769 on postcard at end of book 


SELENIUM RECTIFIER CATALOG 

Fight-page Rectifier Catalog 4002 car- 
ries cell ratings, detailed specifications 
maximum and mini- 
mum voltage and current ranges of high 


and dimensions, 
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Installing ring is fast and easy: 
} A if | 


SERIES S1O9-—-Y.S. FAT. NOG. 2.302.948; 2,491,206 


CMU Ue Curr | 


Mechanized Truarc ring installation speeds assembly 


eliminates costly shimming and gauging operations 


Fast, semi-automatic assembly and the elimination of costly 
production operations are among the benefits Leece-Neville 
Co., Cleveland, Ohio, derives from the use of Truarc retaining 
rings in the manufacture of its fractional horsepower auto- 
motive motors. 

tadially-assembled Truare Series 5103 Crescent® rings — 
supplied pre-stacked—are used to position and lock the arma- 
ture in the motor housing. Using the special Truare pneu- 
matic applicator-dispenser illustrated above, the operator 
merely inserts the rotor and presses a release button. The 
ring is installed automatically in a pre-cut groove on the 
rotor shaft! 

The precision manufactured Truarc rings, seated in accu- 
“ately located grooves, reduce accumulated tolerances from 
a possible maximum of .184” to .025”. Costly, time-consuming 
shimming operations previously necessary to take up end 
play are eliminated, together with as many as four gauging 
operations required to select and place the shims. 

The Leece-Neville story is just one example of the way 
Truarc retaining rings are stepping up production on today’s 
fast-moving assembly lines. These versatile fastening devices 
simplify design, speed assembly and eliminate rejects. In 


TRUARC RETAINING RINGS 


WALODES KOHINOOR, INC. 


OCTOBER 1960 


replacing conventional fasteners, they often improve product 
performance and reliability. All of these advantages are in 
addition to substantial cost savings! 

Truarce retaining rings come in 50 functionally different 
up to 97 different sizes within a type ...6 metal 
specifications and 13 finishes. Special Truarc hand, magazine 
and automatic applicators and grooving tools make produc- 
tion-line application easy on virtually every type of product. 
Make sure you have on file the new 16-page Truarc assembly- 
tool catalog No. AT 10-58. Write for your copy today. And 
remember Waldes Truarec engineers are always ready to 
assist you with your special production problems. Write: 
Waldes Kohinoor, Inc., 47-16 Austel Place, Long Island City 1, 
New York. 9.13 


_WALDES 
\)y TRUARG 


RETAINING RINGS 


Walides Kohinoor, inc., Long isiand City 1, N. Y. 


types... 


THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 


Circle 212 on Inquiry Card 





voltage stacks, power stacks, a-c and 
d-c surge suppressors. Sarkes Tarzian, 
Inc., Semiconductor Div., 415 College 
St., Bloomington, Indiana. 

Circle 770 on postcard at end of book 


INDEX OF APPLICATION NOTES 


Index of some 40 Application Notes 
presents an abstract of each. Notes 
describe electronic theory, measure- 
ments and applications of instruments. 
Typical topics covered are masers; 
traveling-wave amplifiers, various freq- 
uency, microwave and current measure- 
ments. Hewlett-Packard Co., 1501 Page 
Mill Rd., Palo Alto, Calif. 

Circle 771 on postcard at end of book 


GRAPHIC RECORDER 


Data Sheet JY-100 gives features and 
specifications of 10-my fixed-span gra- 
phic recorder for laboratory use. 
Standard features include balance time 
of % sec and accuracy of 1% per cent 
of span. Instrument employs a 5-in. 
side chart, and is chopper-stabilized. 
Data sheet also lists line of accessories 
and supplies. Nesco Instruments, Inc., 
638 W. 17 St., Costa Mesa, Calif. 
Circle 772 on postcard at end of book 


TRANSISTOR TESTING 


Technical bulletin of one page describ- 
es transistor checker Model 1003 which 
permits direct reading of the following 


d-c parameters: beta, /.., inverted 
beta and /,,. Dynatron Laboratories, 
71 Glenn Dr., Camarillo, Calif. 

Circle 773 on postcard at end of book 


PULSE GENERATOR 


Bulletin G-760, two pages, describes a 
portable solid-state pulse generator. 
Low output impedance, 10 ohms, suits 
instrument for use with solid-state cir- 
cuitry. Pulse width, 0.7 to 10 sec; 
amplitude, 0 to +10 volts; repetition 
rate, 50 to 5000 pps. Valor Instruments 
Inc., 13214 Crenshaw Blvd., Gardena, 
Calif. 

Circle 774 on postcard at end of book 


TORSION TEAR TESTER 
Bulletin 265, two pages, describes an 
instrument for measuring shear strength 
or tearing resistance of strongly 
directional materials and the method of 
operation as well as giving typical ap- 
plications. Calibration provides three 
ranges of 125, 600 and 1200 in.-oz. 
Thwing-Albert Instrument Co., Penn 
St. and Pulaski Ave., Philadelphia 44. 
Circle 775 on postcard at end of book 


DIODE RECOVERY-TIME TESTER 


Two-page Bulletin 60-1 introduces a 
device for measuring recovery time of 
diodes in accordance with JAN 256. 
Output is a go or no-go light; analog 


voltage output related to recovery cur- 
rent is available. Readout time, 100 
millisec, approx. Suitable for product- 
jon testing diodes. Contronics, 37 Leon 
St., Boston, Mass. 

Circle 776 on postcard at end of book 


MICROWAVE TEST INSTRUMENTS 


Bulletin 400 contains four pages of 
data on waveguides, attenuators, term- 
inators, isolators, tuners, couples, ca- 
lorimeters, and other microwave test 
equipment. PRD Electronics, Inc., 202 
Tillary St., Brooklyn 1, N. Y. 

Circle 777 on postcard at end of book 


SOURCES OF MEASUREMENT ERROR 


Wall chart has diagrams and explana. 
tions showing factors producing mea- 
surement error in gaging systems, me- 
thods of avoiding these errors, required 
gate accuracy vs part tolerance, etc. 
Cleveland Instrument Co., 6220 E 
Schaaf Rd.. Cleveland 31, Ohio. 

Circle 778 on postcard at end of book 


POWER DISTURBANCES IN 
DIGITAL EQUIPMENT 


Five-page Bulletin EB-1, “Reducing Di- 
Errors Caused by 
Power Disturbances.” describes how 
engineering of quality 
of a-c power source, transfer character- 


gital Computer 
‘ onsideration 


istics of power conversion equipment, 


ARROW (4) HART 


Ow * * * @ more complete line of 
OIL TIGHT PUSH BUTTONS 
and Pilot Devices 


New Units added to the A-H line 
¢ Push to Test Pilot Light 

e Lighted Push Button 

e Cylinder Lock Push Buttons 

e Cylinder Lock Selector Switches 
Plus an A-H Exclusive => 
Rugged Construction 

Dependable Operation 

Heavy Duty Push Button Ratings 





and voltage tolerance of digital equip- 
ment can reduce malfunction. Dynamic 
Controls Co., 2225 Massachusetts Ave., 
Cambridge, Mass. 

Circle 779 on postcard at end of book 


BATTERY SUBSTITUTE 
Specification Sheet PS 100-1, two pages, 
presents features of a low-voltage po- 
wer supply for 117-volt, 60-cps input. 
Output is 1.015 to 1.045 volts d-c or 
14 volts nominal, depending upon 
model. Used for recorder bridge volt- 
age supply, etc. Dynage, Inc., 75 Lau- 
rel St., Hartford, Conn. 

Circle 780 on postcard at end of book 


POWER SUPPLIES 


Data sheet, one page, describes a series 
of 24 modular power supplies. Photo- 
graphs show packaging method used to 
dissipate heat without auxiliary dissi- 
pator. Input: 105-125 volts a-c, 60-400 
cps; outputs for series range from 5 
to 50 volts and up to 750 ma. Dressen- 
Barnes Corp., 250 No. Vinedo Ave., 
Pasadena, Calif. 


Circle 781 on postcard af end of book 


SOLID-STATE POWER SUPPLY 


[wo-page Bulletin 
regulated d- 
constant voltage or 


universal 
which deliver 
constant current 
from same output terminals. Featured 
Model 4005 covers 1-40 volts range at 


reviews 


sources 


0-500 ma, with 0.05 per cent regulation. 
Power Designs Inc., 1700 Shames Dr., 
Westbury, N. Y. 

Circle 782 on postcard at end of book 


THERMIONIC MICROMODULES 


Twenty-four page Bulletin ETD-2265 
is an illustrated reprint of a technical 
paper on TIMM’s (Thermionic Inte- 
grated Micro-Modules) presented at the 
1960 International IRE Convention. 
Thermionic tube modules include ca- 
pacitors, inductors and resistors. Cir- 
cuits operate at 580 C, optimum. Bulle- 
tin has charts, characteristic curves, 
schematics of nuclear-radiation resis- 
tant circuits. Receiving Tube Dept., 
General Electric Co., Owensboro, Ky. 


Circle 783 on postcard at end of book 
RATIO TRANSFORMER KIT 


One-page data sheet lists specifications, 
prices, features and uses of three-trans- 
former kit, which provides from 0.001 
to 1.000 volt in steps of 0.001, 0.010 or 
0.100 volt. Magnetico, Inc., 6 Richter 
Court, E. Northport, L. L., N.Y. 

Circle 784 on postcard at end of book 


INDUCTOR STABILITY 

“Designing for Stability,” a two-part 
eight-page technical article, discusses 
design of electrically controllable in- 
ductors. Part One describes effects of 
hysteresis and temperature change and 


the open-loop methods to minimize 
them; Part Two describes specific 
closed-loop and bell-wether stabiliza- 
tion circuits. Trak Electronics Co., 49 
Danbury Rd., Wilton, Conn. 

Circle 785 on postcard at end of book 


TOROIDS 


Six-page Catalog 57B contains complete 
specifications on epoxy-encapsulated 
and wax-impregnated toroids which 
meet MIL-T-27. Cinema Engineering 
Div., Aerovox Corp., 1100 Chestnut St., 
Burbank, Calif. 

Circle 786 on postcard at end of boox 


INSTRUMENT CURRENT 
TRANSFORMERS 


Four-page Bulletin 3-1.2, on current 
transformers for metering and allied 
applications, lists two hundred types in 
burden ratings from 2.5 to 12.5 kv and 
turns ratios from 10:5 to 5000:5. Cur- 
rent transformers extend range of am- 
meters and provide current to operate 
relays and other control circuits. As- 
sociated Research, Inc., 3777 W. Bel- 
mont Ave., Chicago 18. 

Circle 787 on postcard at end of book 


ACCELERATION SWITCH 

Data sheet describes AS-4 acceleration 
sensitive switch capable of sensing 
from 0.2 to 1000 in one direction along 
a single axis. Physical and electrical 


MOTOR CONTROLS 


TURN-TO-TEST 
LIGHTED PUSH BUTTON 


Advantages of Push-to-Test Pilot Light 
and Lighted Push Button in One Unit! 


¢ More Economical Than 2 Units 
e Control Circuit Not Energized When 


Lamp is Tested 


FOR COMPLETE INFORMATION ... write today for your free copy of the 
Arrow-Hart circular data on these A-H Oil Tight Units and Stations and also on 
our Standard Duty and Heavy Duty Push Button Lines. The Arrow-Hart & Hege- 
man Electric Company, Dept. ET, 103 Hawthorn Street, Hartford 6, Connecticut. 


ARROW © HART 
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ENCLOSED SWITCHES + 


Ef i 


© Saves Mounting Space 
@ Saves Installation Time 


® Same Mounting as Other 
Oil Tight Units 


MOTOR CONTROLS - APPLIANCE SWITCHES + WIRTRG DEVICES 
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Performance 
Proven..... 


Specify G.1. to be 
sure! Nearly half 
a century of ex- 
perience in solv- 
ing the motor 
problems of large 
and small motor 
users throughout 
the world is your 
guarantee of 
satisfaction. 


Model “A” Two-pole, shaded-pole 
motor available in various lamina- 
tion thicknesses. Proved Dependable 
millions of times over, it’s the power 
choice of the nation’s great-name man- 
ufacturers . . . Setting an amazing 
performance record in countless ap- 
plications from phonographs to kitchen 
fans to pumps. If dependability is your 
aim, Model “A” is your motor! 
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Designs to Meet the Needs of a Wide Range of Applications 


G68 


Write today for catalog sheet and quantity-price quotations. 


eC 


“DEPT. GL * ELYRIA, OHIO 
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data are outlined, as well as functional 
characteristics. Eastern Technical As- 
sociates, Inc., Main St., North Acton. 
Mass. 

Circle 788 on postcard at end of book 


SOLID-STATE SWITCHING 

Three-page bulletin AS-100 describes 
operation and applications of a “Tri- 
gistor” circuit which combines low- 
level logic with high-level output. Solid 
State Products, Inc., 1 Pingree St., 
Salem, Mass. 


Circle 789 on postcard at end of book 


TIME-DELAY SWITCH 


Single-page brochure contains brief 
data on a time-delay power switch 
with SPDT contacts rated 3 amp induc 
tive at 120 volts. Delay of miniature 
switch is 4 to 24 sec. Lionel Corp., 15 
E. 26 8 New York 10. 

Circle 790 on postcard at end of book 


TRANSISTOR OVERLOAD PROTECTION 


Methods and circuits (Application 
Note 7-1960) to protect transistors 
against overloads caused by transients 
and load malfunctions are given in 
eight-page bulletin. Various modes of 
obtaining protection are described and 
illustrated with schematic diagrams 
containing values of all components. 
Semiconductor Components Div., Texas 
Instruments, Inc., Box 312, Dallas, 
Texas. 

Circle 791 on postcard af end of book 


HEAVY-DUTY LIMIT SWITCH 
Six-page Bulletin 2262 gives features 
of a two- or four-circuit limit switch 
with adjustable contact arrangement. 
Description and specifications of lever- 
operated switch are reviewed. General 
Electric Co., 300 So. Stratford Rd., 
Winston-Salem, N. C. 

Circle 792 on postcard at end of book 


CAPACITOR CATALOG AND 
SWITCH CATALOG 
General-purpose capacitors (20-page 
catalog) and rotary, slide and lever 
switches (36-page catalog) are com- 
pletely described in two publications. 
Capacitor catalog contains operating 
curves, dimensions and specifications 
for tubular and disk units of various 
values. Switch catalog includes power 
switches, phenolic and ceramic rotary- 
switch sections, spring-return and min- 
iature units. Centralab Div., Globe-Un- 
ion, Inc., 900 E. Keefe Ave., Milwaukee 
l, Wis. 

Circle 793 on postcard at end of book 


CAPACITOR CATALOG 


Catalog includes engineering bulletins, 
test information, application notes, di- 
mensional drawings and rating charts 
for: Mylar miniature capacitors, 
Teflon high-temperature, polystyrene 
miniature, polystyrene high-stability, 


ELECTRO-TECHNOLOGY 





THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


NO PLACE FOR AN ACROPHOBE 


When first we read of the seven who are 
eager to blaze a route to the stars, we pon 
dered what we thought of as man’s inborn 
fear of great heights 

Now we learn that the first of the astro 
nauts will have a window in his capsule 
that he will peer down at the spinning carth 
ama vt at the wheeling stars 

We are producing these unique, space 
going viewports for McDonnell Aircraft 
Corporation, prime contractor for the Na 
tional Acronautcs and Space Administra 
tion's Project Mercury 


The window is an excellent piece of en 


‘ Apsule 


neering. Not 8 suse we made it, but 
because it Aas to be 

It will take the slams and whams, the 
HDistering heat and the embritthne cold of 
blast-off, orbitation, re-entry, and a soak 


in the briny. All during this it must remain 


transparent, intact, and 


scaled tight 

There are four panes to the window Lhe 
miter two are Vycor® 96 silica glass 
I he inne two are sluminosilic ate glass 
spec ally te mpered to phe nomenal strengt! 

E.acl pane ground and polished to the 
precision finish of a telescope mirror. The 
outermost panel curves to the contour of the 
capsule, so it trapezoids from an 11” base to 
a /\4” top along a 1” height 

Phe glasses present a delicate balance of 
optical qualities, thermal shock resistance 
and low weight. The last is vital when you 
consider that it takes about 100 em of fuel 
to orbit 1 @m of payload 

So, remember, when you see the first 
astronaut smiling quietly, confidently from 
his capsule, you are looking at him through 


Corning glass. 


OCTOBER 1960 


HOW ABOUT A DEGREE 
IN MEDICAL ENGINEERING? 


The mechanics of modern medicine are 
fast maturing to the point where some engi- 
neers are specializing in the building of ma- 
chines like this Infant Servo-Controller for 
the Isolette, manufactured by Air-Shields, 
Inc., Hatboro, Pennsylvania 

This particular machine is used with pre- 
maturely born infants who must keep their 
body temperature at a constant level, but 
lack a well-developed thermal regulatory 
device, 

You attach a thermistor to the babe’s 
abdomen and Iet him work as his own 
thermostat. He automatically requests heat 
from infrared lamps whenever his skin 
temperature drops below 97 F. W hen 
things are just right again, he switches off 
the lamps and takes a rest, with the odds for 
survival more in his favor 

If you've ever tried to unbulb an infrared 
lamp, you know that it gives off direct heat 
as well as IR energy 


That's why there are two Pyrex No 
40 glass plates sitting on top of the plasti 
chamber in the picture. You can see them, if 
you look closely. The Pyrex plates are 
heat resistant and will also dissipate the di- 
rect thermal output of the lamps. So, the 
plastic forgets the lamps are there 
As far as the IR energy is concerned, the 
Pyrex plates don’t cxist cither, so pra 
tically all the IR gets through to the baby 
Dhe over-all relationship between IR and 
glass is an odd one. We can give vou glass 
2° of the IR 
or a glass which transmits as little as 8°; of 
the IR. 


Happily for our product specialists, there 


which transmits as much as 


is demand for both situations. We've pre- 
pared some bulletins on many of these IR 
characteristics, a copy of whic you may 
have by sending the coupon 


CORNING MEANS 


RESEARCH 1N 


SOMETIMES GLASS IS 
SO OBVIOUS 


Leafing our way through the 4th Annual 
Shirt Issue of “Cleaning Laundry World 
(April 1960), we took note of an advertise- 
ment which concerned a machine which 
displayed a feature which we consider the 
soul of genius 

Ihe machine is a dry cleaner manufac- 
tured by Detrex Chemical Industries, In« 
The feature is a glass-enclosed filter which 
keeps the dry-cleaning solvent cycling un- 
polluted. The soul of genius, to our minds 
consists of intelligent manipulation of the 
obvious . in this case, an application of 
the first known and longest respected of the 
myriad properties of glass to wit, its 
transparency. 

When you locate such a place, it doesn’t 
necessarily take a lot of redesigning of cus- 
tom fabrication to put glass to work, cither. 
We checked and found that Detrex, for ex- 
ample, simply orders standard 6” O.D 
Pyrex brand Heavy Duty Tube for its 
filter wall 

The result is that the operator of the De- 
trex Cleaner can watch the filter at work 
He can spot trouble while it’s still potential, 
determine its cause exactly should it occur 

all without any dismantling or shutdown 

Is there anything you're working on tnat 
you wish you could watch working? If 
there is, and you want to put glass to work, 
you can start by sending the coupon for a 
copy of Bulletin I[7-1, “Designing with 
Glass for Industrial, Commercial, and Con- 
sumer Applications.” 


GLASS 


CORNING GLASS WORKS, 5910 Crystal St., Corning, N. Y. 


[] IR Transmitting Glasses 
Name 
Company 
Street 


City 


C] IR Reflecting Glass 


C) 12-1 
Title 


Zone State 
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Glasscon acetate high-voltage, and min- 
Let HEVI-DUTY Saturable Reactors Een SCOT Lc. Pen 
control your power requirements 


Garden City, L. I., N. Y. 
Circle 794 on postcard at end of book 


CONTROL-CIRCUIT ARC SUPPRESSORS 
Hevi-Duty Saturable Reactors are used for the Two-page Bulletin 9600 on are inhibi- 
manual or automatic control of power to a load. 
Loads such as electrically heated equipment, 
motor starting circuits, test boards and many other es : ; . 
industrial power uses are ideal applications. istics as well as dimensions. For 
By changing the magnetic characteristics of the 115- and 230-volt d-c inductive control 
reactor core, the impedance can be varied by circuits. Maximum control circuit cur- 
means of a direct current control winding. This rent is 0.65 amp/suppressor. Square 
feature provides: D Co.. EC & M Div.. 4500 Lee Rd.. 
1. Stepless control in the AC power circuit. Cleveland 28, Ohio. 


2. A wide range of contro! with smooth and Circle 795 on postcard at end of book 
even adjustment over the entire range. 


3. Small voltage drop in reactor at full satu- MOTORS AND GENERATORS 
ration, permits 90% of the line voltage to Eight-page Motor Selector L-1661A is 
be applied to the load. a quick reference to the complete 


The Hevi-Duty Reactor is a compact unit re- motor and generator lines available 
quiring a minimum of mounting space and is clude standard motors, gear motors 
sturdily constructed to give years of dependable range from 1/40 to 300 hp. They in 
service. Each reactor is rigidly tested to meet 

or exceed NEMA Standards. If you have a clude standard a ee 
Saturable Reactor application, Hevi-Duty engi- and = special-application models. Bro 
neers will be glad to design or assist you in chure also lists generators, motor 
selecting the proper size for your particular ap- 
plication. For additional information on Hevi- 
Duty Saturable Reactors, write for Bulletin $00 


tors describes application and installa- 
tion, and includes electrical character 


generators and frequency changers. 
Howell Electric Motors “o., Howell, 
Mich. 

Circle 796 on postcard at end of book 


MOTOR CONTROLS 
Pocket Catalog 60. electric-motor con 
trols, contains 56 pages of descriptions 


seouiatoes 

MILWAUKEE 1, wisconsin 
Circle 216 on inquiry Card and ratings for manual and magneti 
starters: drum controllers; pressure 
foot, and limit switches. Included also 
are pushbuttons and related pilot de 
vices. Motor rating and _ heater-coil 


data plus tables tor control selection, 


YOUR ASSURANCE oF— 


“Dimensional Stability 
V Lower Winding Costs 

“Close Tolerances ena: ann oo” tides <aieh 

VRigid Flanges «¢ | bish-cain amplifiers to give control 


sensitivities from 0.0005 F (in propor 
eeeeeeeseeeeeeee Honing unite) to 0,001, 0.01, 0.1 and 


are given. Furnas Electric Co., 1024 
McKee St.. Batavia, Ill 
Circle 797 on postcard at end of book 


ELECTRONIC TEMPERATURE 

CONTROLS 

Bulletin SIS-9000, two pages describes 
line of electronic temperature-con 


trol equipment. Instruments use bridge 


You save on bobbin costs. You sove on 0.4 } in relay type). United States 


tooling costs. You sove on winding costs Testing Co., Inc., 1415 Park Ave., Ho 
by eliminating costly secondary opera- boken. N. J 

tions. You sove by incorporating econom- 

; oo \ { k 
ical terminal designs into the molded pert. Circle 798 on postcard at end of boo 
You save by eliminating winding rejects. 


eeeneeeneeeeneeneeeneeeeeneeee 
The outstanding properties of nylon plus econom- 
ical molding procedures provide ao quolity Cosmo 
bobbin that has dimensional stability, strength 
ir. thin sections, secure flanges, high resistance to 
impact and/or vibration, good dielectric strength, 
ond resistance to action of most common chemicals. 


DIGITAL MODULES 

Dimensions and circuitry of flip-flops, 
delay trigger. diode gates. emitter fol 
lowers are described and drawn on 
logic and schematic levels in four-page 
Folder 2000. Data Svetems Div., Har 


ON REQUEST It w:ll pay you to investigate COSMO NYLON BOBBINS man Kardon. Inc. 520 Main St. West 


SALES DIVISION OFFICES bury, L. L, N. ¥ 
Arizona, Colitornic, Colorado, Connecticut, ilinois, Massachusetts, Michigon, Circle 799 on postcard at end of book 
Minnesote, Missouri, New Jersey, Ohio, Oregon, Uieh, Washington ond Canada. 


DIGITAL LOGIC MODULES 
Single-page Bulletin 201 presents a 
solid-state universal indicating flip-flop 


Circle 217 on Inquiry Card ELECTRO-TECHNOLOGY 





EVERYTHING you need for fast, easy 


Over 1200 Rectifiers 
aL ‘Described 


48 Pages of Solid 
Technical Data 


Complete /nformation on 


CIRCUITS 

SIZES 
DIMENSIONS 
CURRENT RATINGS 
VOLTAGE RATINGS 
PRICES 
INSTALLATION, etc. 


WICKER INCORPORATED soils 
ELECTRIC PRODUCTS Division 


Vicker; Srain-Oriented* SELENIUM RECTIFIERS 


The unique characteristics of these rectifiers provide efficiency and economy 
| I ; 


unmatched by conventional rectifiers. 


In Vickers rectifiers, the selenium is grain-oriented: crystals are aligned in the 
same direction, rather than in the random pattern found in ordinary rectifiers. The 
result? More working crystals, greater uniformity, better performance per square 
inch of cell area. Rectifiers provide higher current ratings without increase in cell 


size, and without danger of overloading; cost per watt of output is lower. 


This 48-page bulletin gives you the complete story. 
Send for Bulletin EPD 3116-1. Letterhead requests only, please 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales $T. LOVIS—CEntral 1.5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3.1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, BD. C.—EXecutive 3-2650 BOSTON (Representative) —CEdor 5-6815 
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MINIATURE UHF TWIN TETRODE 


with these Amperex EXTRAS: 
¢ frame grid construction 
¢ 5 watts total anode dissipation in 
miniature envelope 
¢ 5% watts useful power in load (ICAS) 
¢ maximum ratings to 500 Mc 
© gold-plated grid for low grid emission 


OPERATING CONDITIONS, AMPLIFIER, CLASS C, FM 


ces ICAS 
Frequency 500 500 MC 
Piate Voitage 180 200 voits 
Screen Grid Voltage 180 200 volts 
Control Grid Bias —20 20 volts 
Piate Current 2x27.5 2x30 ma 
Screen Grid Current 12.5 14 ma 
Control Grid Current 2x0.75 2x0.75 ma 
Oriving Power 1.2 1.2 watts 
Pilate input Power 2x5 2x6.2 watts 
Pilate Dissipation 2x2.1 2x2.6 watts 
Screen Grid Dissipation 2.25 2.8 watts 
Output Power 5.8 7.2 watts 
Useful Power in Load 5 6 watts 


Other Amperex replacement favorites: 


5894 High-sensitivity VHF/UHF twin tetrode; 
40 watts anode dissipation 
6360 


High-sensitivity VHF /UHF twin tetrode; 
14 watts anode dissipation 
6146 High-sensitivity beam power tube 
866AX Mercury vapor rectifier 
2 ask your distributor 
ON 
- about extra-quality 


FG ) Amperex 
replacement tubes 


Amperex ELECTRONIC CORP. 


230 Duffy Avenue, Hicksville, L. |., N. ¥. 


242 Circle 219 on Inquiry Card 


| for general-purpose use at speeds to 
200 ke. Includes circuit diagram. Wang 
Laboratories, Inc., 12 Huron Dr, 

Natick, Mass. 
Circle 800 on postcard at end of book 


MAGNETIC STORAGE DRUM 


Model 10-150 Storage Drum, applicable 
for use in data reduction or processing 
systems, is described in this two-page 
data sheet. Pulley and belt drive pro- 
| vides speeds up to 25,000 rpm. Avail- 
| able with matching circuitry for elec- 
|tronic switching, reading and writing 
|on desired tracks. Unit designed for 
|10-yr life in severe industrial environ- 
| ments. Detailed specifications included. 
| Farrington Electronics Inc., Industrial 
Center, Needham Heights 94, Mass. 

Circle 801 on postcard at end of book 


MATHEMATIC APPLICATIONS OF 
DYNAMIC-STORAGE ANALOG 
| COMPUTER 
| Sixteen-page paper details applications 
|of a computer which has automatic 
| repetitive operation at frequencies of 
60 cps and high-speed memory with 
tracking error of less than 1 psec. 
Also discussed are sequential calcula- 
tions through time-sharing of computer 
|elements and solution of partial dif- 
| ferential equations. Other applications 
|}are covered. Schematics of computer 
circuitry illustrate solution of problems 
discussed. Computer Systems, Inc., Cul- 
ver Rd., Monmouth Junction, N. J. 
Circle 802 on postcard at end of book 


| WELDING EQUIPMENT 

| Stored - energy, capacitor - discharge 
power welding 
heads and handpieces, welding acces- 
sories are described in 24page illus- 
trated catalog. Presents advantages of 
resistance welding, compares stored 
energy welding to a-c welding, and 
| outlines important factors in selecting 
| stored-energy equipment. Weldmatic 
| Div., Unitek Corp., 950 Royal Oaks 
| Dr. Monrovia, Calif. 

Circle 803 on postcard at end of book 


supplies, * precision 


| WEDGE DRIVES 
Catalog SW-1 
data on 


contains 24 pages of 


engineering proper wedge- 


drive selection and installation. Drive 
tables, 
sheave dimension tables, and installa 
tion instructions are included. Maure 
Mfg. Corp., 2907 So. Wabash Ave. 
Chicago 16. 


| Circle 804 on postcard at end of boot 


selection horsepower ratings, 


TIMING DRIVE SELECTION 
Eight-page Bulletin 21103 
method, involving a minimum of math 


gives a 


| ematics, for selection of a drive to fit 
applications where the prime mover is 
%% hp and up. Bulletin includes fiv: 
sets of curves for drive-width selection. 
Standard timing belt catalog is only 


Ty ay 


ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS 
ZINC, CADMIUM, COPPER 
ALUMINUM 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 


Always Specify Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES... 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS... 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond. 


FOR DECORATIVE COLOR... 
on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violcts, 
reds, brass and copper hues. 


FOR ALUMINUM... 

where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 


on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 


one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 


Luster-on ... the first and still 
the finest in conversion coatings. 


iT a . 
Binnie) 


PORT 


afield 9. Mass 


Waltham Ave, Spr 
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e Because Cornish makes 
the most complete line of 
molded components in the 
field. Whatever your partic- 
ular cord-set need, you can 
order a Cornish molded 
component to fit it.’ Be- 
cause Cornish can make 
molded components to 
special order. If Cornish 
doesn't already have ex- 
actly what you want, you 
can ask Cornish engineers 
to work with you in devel- 
oping special molded 
components of rubber or 
plastic. @ Because all Cor- 


SPECIFY 


i 
f) 
‘ 
j 


CORD SETS} 
# VOTH MOLDED 


COMPONENTS 


Bah) 


nish molded components, 
even custom-made, can be 
furnished in various colors 
to meet your specifications. 
Your name or trademark 
may also be molded on the 
plug. @ With all Cornish 
molded components, you 
get the advantages of su- 
perb engineering ability 
and more than 40 years of 
experience applied to the 
solution of your special 
problems. Write us today 
for complete information. 
Cornish WireCo.,Inc. [zi 

50 Church St., N.Y. 7. = 


a 





A FEW OF MANY POSSIBLE RIVETING 
HEAD POSITIONS THAT CAN BE USED 


Ps 


fia 


i 


Rotating fixture 
showing suggested 
arrangement of riv- 
eting heads. 


Riveting heads can 
be positioned for 
fastening on flat or 
curved assemblies. 


Conveyor Belt per- 
mits multiple set- 
ting on both sides of 
an assembly. 


Sliding fixture used 
for riveting 2 sides 
of an assembly 


AUTOMATE RIVET SETTING 


for new low costs 


For years assemblies made of metal and non-metal or a combi- 
nation of both have been fastened most economically with semi- 
tubular rivets. And now even lower costs are possible with the 
thin-nose riveting heads designed by Chicago Rivet. These heads, 
pneumatically operated but electronically controlled, can be 
grouped in clusters on one or more planes and will set rivets as 
close as '*i.” apart. Automation, thru rotating sliding or continu- 
ous belt feeding and riveting stations, is possible. Riveting heads 
may be repositioned and used again on new assemblies. 


CUSHIONED RIVETING REDUCES BREAKAGE 
A pneumatic riveter upsets the rivet with a squeezing action 
which minimizes breakage and automatically compensates for 
slight variation in assembly thicknesses. 
The suggestions of Chicago Rivet fastening specialists will prove 
most helpful. Call them—no obligation. 


AIR-POWERED RIVETING CATALOG 
contains description and specifications of 
8 single and multiple riveters—also rivet 
setters designed for automation. 

RIVET CATALOG describes 1388 stond- 
ord tubular and split rivets and 25 single 
and multiple motorized automatic rivet 
setters. 


ucugo Kiet & MACHINE CO. 


948 So. 25th Ave., Bellwood, Ill. (Chicago Suburb) - Branch Factory: Tyrone, Pa. 


244 Circle 222 on Inquiry Card 


outside reference needed. T. B. Wood's 
Sons Co., Chambersburg, Pa. 
Circle 805 on postcard at end of book 


| VARIABLE-SPEED DRIVES 


Twelve-page bulletin 550 contains data 
on principles of operation, operating 
advantages, basic design, automatic 
speed control and specifications of 
variable-speed drives from 4s to 5 hp. 
Graham Transmissions Inc., Menomo- 
nee Falls, Wis. 

Circle 806 on postcard at end of book 


VARIABLE-SPEED DRIVES 

Catalog MV P-101-A, 23 pages, covers 
V-belt variable speed drives for in- 
tegral-hp applications. Contains engi- 
neering data on drive selection. Brown- 


ing Manufacturing Co., Maysville, Ky. 
Circle 807 on postcard at end of book 


ROTARY ACTUATORS 


Folder S-7A, four pages, introduces a 
115-volt, 60-cps unidirectional actua- 
tor. Two models have outputs of 6 
in.-lb at 20 +4 rpm and 12 oz in. at 
90 +20 rpm. Available in 400-cps 
models also. Bulletin contains descrip- 
tion, torque-speed curves and dimen- 
sions. Airborne Accessories Corp., 1414 
Chestnut Ave., Hillside 5, N.J. 

Circle 868 on postcard at end of book 


MINIATURE PRECISION GEARS 


Master Catalog No. F-128 lists over 
50,000 components available from 
stock. This 128-page catalog lists 48- 
120 DP gears cut to standard center 
distance (minimum backlash 0.0002 
in.), differentials, speed reducers and 
gearheads. Illustrates design kits avail 
able for experimental needs. Dynamic 
Gear Co., Inc., Dixon Ave., Amityville, 
N.Y. 

Circle 809 on postcard at end of book 


BALL BEARINGS 


Catalog 101 includes sixteen pages de- 
voted to descriptive data on commer- 


| cial unground and semi-precision ball 


bearings. Fifteen types, ranging from 
standard stud, bore and flange bearings 
to nylon-rimmed bearings, are de- 
picted. General Bearing Co., Inc., 63 
Roselle St., Mineola, N. Y. 

Circle 810 on postcard at end of book 


SPHERICAL ROLLER-BEARING 
PILLOW BLOCKS 


Illustrated eight-page Catalog 360 de- 
scribes heavy-duty pillow blocks with 
self-aligning spherical roller bearings 
in 143 sizes for shaft diameters from 
1-7/16 in. Series SAF, with two bolts 
clamping cap to base, and Series 
SDAF, with heavier castings and four 
cap bolts, are included. Torrington Co., 
Bantam Bearing Div., South Bend 21, 
Indiana, 
Circle 811 on postcard af end of book 
(Continued on page 249) 
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FIRST, BULLETIN 20 


This informative book- 
let will get you off toa 
good atart on the 
] techniques and 
ies of low- 
temperature silver 
brazing. A copy awaits 
your request. 


Offices and Plants 


OCTOBER 1960 


Handy & Harman 

Sil-Fos Silver Brazing is 

Used by Induction Motors Corp. 
in 5427 Different Motors 


Induction Motors Corp. of Westbury, New 
York, and Maywood, California, has built an 
outstanding reputation as a designer and 
manufacturer of sub-fractional horsepower 
motors...for 5427 high performance reasons. 


This large variety of motors, blowers and 
fans for an equally large variety of applica- 
tions, stems from 15 basic motor frame sizes, 
depending on length, pole materials, wind- 
ings, groove angles and the like. 

Handy & Harman silver alloy brazing is con- 
cerned with brazing the rotors, Each rotor 
(whatever the size) is joined by a preformed 
ring of Handy & Harman SIL-Fos, by induc- 
tion heating — at an alloy cost that is reck- 
oned in pennies. For example, the alloy cost 
per %” frame is two cents per joint, or four 
cents per complete assembly. 

That’s an example of the economics of silver 
alloy brazing. Performance requirements are 
quite another thing — and they are unques- 
tionably stringent. Many of these motors are 
used in aircraft and missile work and must, 
of course, meet the most extreme environ- 
mental conditions. 


Strength alone would be reason enough to 


discuss the merits of silver alloy brazing... 
and to point out as a reason for its wide 
acceptance throughout industry. The facts 
are that there are many more benefits; gas- 
and leak-tightness, thermal and electrical 
conductivity, ductility, and production econ- 
omy — are all joint qualities of silver alloy 
brazing. At any time, we will be happy to 
discuss any or all of these qualities (and 
others), as applied to your product or pro- 
duction method. The benefits are large and 
you can enjoy them. 


SOURCE OF SUPPLY 
AND AUTHORITY 
ON BRAZING ALLOYS 


HANDY & HARMAN 


Yew Y - ‘ 


¢ Bridgeport, Connecticut + Chicago, Illinois + Cleve and, Ohio « Dallas, Texas « Detroit, Michigan « El Monte (Les Angeles), 
California + Providence, Rhode isiand « Toronto, Canada « Montreal, Canada 
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How General Electric’s zav$S¢zao motor gives you MORE THAN A MOTOR... 


TRIPLE-PROTECTED 
TRI, CLAD MOTORS 


ARE BUILT TO TAKE IT! 


General Electric Tri Clad ‘55’ motors are built to 
take it! Whatever your application requirements 
may be (long or short duty cycles under ideal or 
adverse conditions . . . high or low temperatures) 
there's a Tri Clad ‘55’ motor to meet them. 

The name ‘Tri Clad” itself means ‘‘triple 
protected” against electrical failure, mechanical 
failure and physical damage 


ELECTRICAL PROTECTION Mylar* insulation 
Formex** wire insulation system throughout pro 
tects against electrical breakdown caused by effects 
of water, heat, or stresses. 


MECHANICAL PROTECTION. Regreaseable ball 
bearings, long-lasting synthesized grease, and an 
oversize grease reservoir contribute to long bearing 
life, low maintenance 


*Trodemort of DuPont Co **Registered Trademark of General Electric Co 


PHYSICAL PROTECTION Rugged cast-iron stator 
frame and endshields offer protection against corro 
sion, rust, or physical shock. 

This extra ruggedness and durability found in 
General Electric Tri/Clad ‘55’ motors--the ability 
to ‘“‘take it’’—-pays off. It’s your assurance that 
you're getting the best integral-hp motor that money 
can buy, a motor that will perform smoothly for 
years. It’s General Electric’s way of making your 
purchase truly more than a motor. Why not 
contact your local G-E Apparatus Sales Office? 
Or write Section 840-30, General Electric Co., 
Schenectady, New York. 


Other "More Than A Motor’’ Benefits of G-E 
Tri/Clad ‘55’ Motors: On-time Delivery e Expert 
Application Aid e Fast, Local Backup Service « 
Constant Design Innovation « Complete Line. 


GENERAL @@ ELECTRIC 


MYLAR slot and phase insulation 
assures long motor life, minimum 
maintenance. G-E motor insula- 
tion materials are non-hygroscopic. 


CAST-IRON FRAME and endshields provide 
rigidity; prevent motor from being twisted 
out of line. Integrally-cast ribbing along 
bottom adds extra strength to the motor. 


LONG-LIFE BEARING SYSTEM seals 
grease in, dirt out. Long-lasting grease 
in large reservoir increases bearing life, 
lengthens interval between regreasing. 





Improved Vulcanized Fibre... 
superior insulation, 


excellent forming characteristics 
is a veritable Dramatic highlighting of displays at the Philadelphia Commercial 


Museum is accomplished quickly and inexpensively with BullDog 
Universal Lighting Duct.® Fixtures can be added, moved and relocated 
workhorse anywhere along the duct run in a matter of minutes. Contributing to 
the effectiveness and safety of this modern lighting system is the formed 
Taylorite vulcanized fibre part used to insulate the conductors from the 
end caps. Taylorite was selected because it provides superior insulation, 
has excellent forming characteristics, provides good dimensional sta- 
bility. Taylorite is ideal for the fabrication of many mechanical com- 
ponents, too. Its high impact resistance, flexibility, formability, 
toughness and capacity to be deep drawn make it adaptable to 1001 
industrial applications 
Samples are available. Test them for yourself. Put them under ten- 
sion, flex them, compress them, form them. You will find that new 
Taylorite will pass your severest tests with flying colors. And remember, 
Taylor offers complete design and engineering assistance 


New “Taylorite’” 


Background photo courtesy 
Philadelphia Commercial Mu- 
seum. Lighting Duct courtesy 


ee Write for Data Sheet 2-0 and samples. Taylor Fibre Co., Norristown 37, Pa. 


sion, 1-T-E Circuit Breaker Co. 
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LAMINATED PLASTICS MM VULCANIZED FIBRE 
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INNER-RING BALL BEARINGS 


Data Sheet 6007 gives complete dimen- 
sional and performance specifications 
for miniature extended inner-ring ball 
bearings manufactured to ABEC Class 
5 tolerances. Miniature Precision Bear- 
ings, Inc., Precision Park, Keene, N.H. 

Circle 812 on postcard at end of book 


SPUR-GEAR STANDARDS 
Specifications and Standards, pocket- 
size booklet, contains 36 pages of gear 
data on military low-inertia fine-pitch 
spur gears. Newly developed standard 
stock specification numbering system 
also included. PIC Design Corp., 477 
Atlantic Ave., E. Rockaway. “3. 
Circle 813 on postcard at end of book 


TORQUE-LOCKING AND 
POSITIONING DEVICE 


Twelve-page bulletin describes a de- 
vice to drive, position, over-run and 
backstop in clockwise and counter- 
clockwise directions and also prevent 
torque feedback from cither direction. 
Small cylindrical device has opposing 
sets of sprags that stop torque feed 
back from either direction but permit 
free rotation and transmission of driv- 
ing torque in either direction. Speci 
fications and industrial applications 
are described. Formsprag Co., 23601 
Hoover Rd... Warren, Mik h. 

Circle 814 on postcard at end of book 


MICROWAVE RESISTORS 


Bulletins 10A and 10A-1 review fea 
tures, characteristics and specifications 
of thin-film resistors in rod and disk 
form. Resistive films are metallic or 
carbon on substrates of ceramic, glass 
or mica. Film Resistors, Inc., Box 49, 
242 Ridgedale Ave., Morristown, N. J. 

Circle 815 on postcard at end of book 


ENCAPSULATED PRECISION 
RESISTORS 


['wo-page specification sheet  intro- 
duces a line of encapsulated precision 
wirewound resistors of subminiature 
size, Units are rated from 1 ohm to 2.3 
megohms, the smallest measuring 1/16 
in. OD x 1% in. long, and the largest 
¥%@ x 1/5 in., fully encapsulated. The 
Hanjohn Co., Inc., 2711 E. Foothill 
Blvd., Pasadena, Calif. 


Circle 816 on postcard at end of book 


MOLDED PLASTIC CLAMPS 


Two-page Data Sheet PCB-760 con- 
tains size, applications, detail draw- 
ings, and availability of cable-support- 
ing clamps in nylon, polypropylene and 
ethyl cellulose. Holub Industries, Inc., 
Sycamore, Il. 


Circle 817 on postcard at end of book 


PRECISION POTENTIOMETERS 


Bulletins 1200, 1300 and 3200 are com- 
plete with mechanical, electrical, en- 
vironmental, physical and general spec- 


OCTOBER 1960 


zess than an inch tong 


TYPE SM 


Weighs tess than % oz. 


| big relay performance 


| 


in crystal can size 


A high precision, efficient sub-miniature relay. 
Constructed to withstand severe vibration, heavy shock and 
temperature extremes. For control systems, missiles, 
computers, aircraft and similar applications requiring 


miniature size and dependable performance. 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-in Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 570 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 2 Amps. @ 28 V. D. C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts}: 4 Milliseconds. 
Maximum Release Time (N.C. Contacts}: 3 Milliseconds. 
Maximum Contact Bounce: | Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles {Sea Level). 
Minimum Insulation Resistance: 100 Megohms. 

Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 “G" for T! Milliseconds. 

Vibration: 20 *G""—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .45 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 


Send for Bulletin SM 


COMAR 


ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18, ILL. 


“RELAYS * SOLENOIDS © COILS * SWITCHES « HERMETIC SEALING 
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ifications and include descriptions of 


|single- and multi-turn potentiometers. 
r a a e Ratings are 1.2 to 2.5 watts. Duncan 
Electronics, 1305 Wakeham Ave., P. O. 


Box 1953, Santa Ana, Calif. 


Circle 818 on postcard at end of book 
S°T-A 
| CONDULETS FOR CORROSIVE 


| LOCATIONS 


| Corrosive substances are listed in tab- 

s @) | I D el | ie: if iT I C fi PAC ) TO R ss ular form with appropriate corrosion- 
| resistant Condulet metals and finishes 
lin 20-page Bulletin 2699. Metals and 
| finishes are also described, and Con- 
|dulets for hazardous and non-hazard- 
|ous locations listed. Crouse-Hinds Co., 
Syracuse 1, N. Y. 


Circle 819 on postcard at end of book 


| AIRCRAFT FASTENER STANDARDS 


Identification of more than 160 stand- 

| ard aerospace fasteners, by configura- 
|tion, specification number and generic 
name, is provided in a ten-page re- 
ference listing. Fasteners are indexed 
numerically by part number in three 
separate groupings for NAS, AN and 
MS parts. Each part is _ identified 
by two silhouettes. Minimum tensile 
strength or comparable rating is given. 
Standard Pressed Steel Co., Box 901, 
| Jenkintown, Pa. 


Circle $20 on postcard at end of book 


HIGH-STRENGTH BOLT 


Four-page bulletin supplies informa- 
tion on bolts with nominal diameters 
from % to 11% in. Bolt has larger-than- 
usual head for increased bearing sur- 
face. Russell, Burdsall & Ward Bolt 
land Nut Co., 100 Midland Ave., Port 
Chester, N. Y. 


Circle 821 on postcard af end of book 
: 
on-onss coanmens 
| Four-page brochure describes the “Hy- 
70 Film” line of packaged bearings which 
run on hydrodynamic oil films. Graphs 
: and charts give operating characteris- 
tics of bearings, show life at various 
speeds and temperatures. Tann Bear- 
ing Co., 2741 E. Congress, Detroit 7, 
Mich. 


Circle 822 on postcard at end of book 


| SHAFT SEALS 


Catalog 660, 32 pages, lists rotating 
|shaft bellows seals, boot seals, cart- 
| ridge and grommet seals, labyrinth and 
O-ring seals with applications and op- 
erating ranges (temperature, pressure 


jand speed). Cartriseal Corp., 3515 W. 
Touhy Ave., Lincolnwood, IIL 
Circle 823 on postcard at end of book 


VIBRATION, SHOCK AND NOISE 
CONTROL 

Bulletin 905 is an eight-page guide to 
resilient mountings and mounting sys- 
tems. Bulletin includes general design, 
application and performance data for 
bonded-rubber mounting or flexible 
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mounting systems. Lord Manufactur- 
ing Co., Erie, Pa. 
Ci:cle 824 on postcard af end of book 


BACK-UP RING CATALOG 


Eight-page design and data Catalog 
5482, on back-up rings for use with 
O-ring seals, includes design data, 
sizes and dimensions, and compound 
information. Parker Seal Co., 10567 
Jefferson Blvd., Culver City, Calif. 
Circle 825 on postcard at end of book 


WIRE AND CABLE 


Eighteen-page catalog on multi-conduc- 
tor cable and hook-up wire covers 
Teflon TFE, Teflon FEP 100, and PVC 
hook-up wires. Reference sections pro- 
vide information on various conductors 
and insulating materials. Times Wire 
and Cable Co., Inc., Wallingford, Conn. 

Circle 826 on postcard at end of book 


PLUGS AND CONNECTORS 


Six-page brochure describes and illus- 
trates integrally molded-on electrical 
plugs and connectors used on business 
machines and general instrumentation 
equipment. Also included are patch 
cords for computers and custom mold- 
ings. Components Manufacturing Ser- 
vice, Inc., West Bridgewater, Mass. 
Circle 827 on postcard at end of book 


INSERTABLE-CONTACT CONNECTORS 


Catalog 4004B describes multi-contact 
connectors and their applications. Con 
tacts of rack-and-panel and cable con- 
nector are removable, solderless crimp 
style. Consolidated Electrodynamics 
Corp., 360 Sierra Madre Villa, Pasa- 
dena, Calif. 


Circle 828 on postcard at end of book 


CABLE CONNECTORS. 


Illustrated four-page catalog M-701 is 
on molded cable connectors of straight 
and right-angle phono and phone plugs, 
phono extension jacks and phone jacks, 
microphone connectors, Y-junctions 
and straight and right-angle miniature 
plugs. Engineering considerations, de- 
sign features and special assemblies 
also listed. Switcheraft, 5555 No. Els- 
ton Ave., Chicago 30. 

Circle 829 on postcard at end of book 


RELAY CATALOG 


Over 20 leading relay manufacturers’ 
produc ts are ¢ ompletely described in 
this catalog. Thumb-indexed table of 
contents speeds location of any relay 
desired. Relay Sales, Inc.. Box 186, 
West Chicago, Hl. 

Circle 830 on postcard at end of book 


Posteard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
an 
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The Friden Model SRW Calculator extracts square root at the touch of a key. 
And it’s the only calculator that can. In any work requiring frequent square 
root calculations, the SRW is an indispensable time-saver. 


At Lockheed’s Sunnyvale, California Missile and Space Division, the Friden 
Square Root Calculator has been utilized since the Division began in 1954. 
To date, this installation has purchased more than 40 SRW’s. Although the 
actual saving in dollars and cerits could only be guessed at, Lockheed’s continu- 
ing re-orders attest to the usefulness of the Friden SRW. 


For a no-obligation demonstration of the Friden Square Root Calculator, con- 
tact your local Friden Man, or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: the practical application of automation principles 


to the creation and processing of source data. @ wes cnnee. 


@Iniden 


SALES. SERVICE AND INSTRUCTION THROUGHOUT THE U.S. AND THE WORLD 
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Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead 
mentioning Evectrno-TecHNoLocy as 
your source 


RECEIVING-TUBE MANUAL 


Manual RC-20 contains 432 pages of 
technical data on over 760 receiving 
tubes. Data are provided for more than 
173 picture tubes, including color types, 
in this new edition. The section on 
electron-tube applications has been ex- 
panded. The circuits section contains 
three new circuits for high-fidelity audio 
amplifiers. Copies may be obtained for 
$1.00 from RCA Commercial Engineer 
ing, Electron Tube Div., Harrison, N. J. 


METALLIZING BOOKLET 


A new revision of Recommended Prac 
tices for Metallizing Shafts or Similar 
Objects, AWS C2.1-60, has been pub 
lished. Booklet, 32 pages, is illustrated. 
contains many tables and includes a 
new section on surface preparation for 
metallizing. The material has been di- 
vided into four sections: General, Sur 
face Preparation, Spraying and Finish- 
ing. Copies are available at $1.00, 
postpaid, from the American Welding 
Society, Dept. T, 33 W. 39 St.. New 
York 18. 


NEW POLYMERS 


The eight-page booklet, “New Polymers 

New Problems,” by Herman F. Mark, 
was presented as a lecture at the 1959 
Annual Meeting of the ASTM. Dr. 
Mark discusses current problems in the 
polymer field and behavior properties of 
polymers which may be modified in 
order to develop new materials with 
higher rigidity, tensile strength or elas- 
ticity. Copies may be ordered at $1.00 
from American Society for Testing Ma- 
terials, 1916 Race St., Philadelphia 3. 


NUCLIDES CHART 


This large wall chart is a modification 
of the periodic table of elements, in 
the conventional arrangement, but in- 
tended for those engaged in nuclear 
design work. Each block contains data 
on the element as normally found, 
curves of neutron absorption cross sec- 
tion, individual isotopes, while other 
data are listed in tabular form. Copies 
may be obtained by contacting the 
nearest Westinghouse Apparatus sales- 
man. 
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ermetically Sealed Rotary Switc 


BASIC 


1/25 sec 
to 1/35 sec 


Hermetically Sealed Circuit Selectors 
and Stepping Switches contain an at- 
mosphere of dry nitrogen which provides 
a permanent environment for the opera- 
tion of the switch. They are designed to 
meet MIL-E-5272A, and will withstand 
extreme moisture and high altitude con- 
ditions in military and industrial instal- 
lations. Sealed Switches are available in 
various wire sizes for operation from 6 
to 350 VDC. Self-contained plug-in 
types allow rapid field installation. More 
than 3000 standard designs are shown 
in Bulletin D-460 

Other Ledex products include Rotary 
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INFORMATION 


a — 413,» 


AN Connector Solder Header 


Solenoid, Syncramental Stepping Motor, 
Digimotor Stepping Motor and Indexing 
Device, Rotary Solenoid Selector Switch, 
Digimotor Selector Switch. 

Switching applications include circuit 
selecting, stepping, counting, program- 
ming and sequencing. 

Mechanical applications of other Le- 
dex products include actuation of valves, 
vanes, printers, shafts. Write for litera- 
ture, mentioning application, to Ledex 
Inc., Dayton 2, Ohio; Marsland Engi- 
neering, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany. 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments 


in electrically operated end products . . 


tions and available application data. 


SILICON RECTIFIER 
ASSEMBLIES 


Miniature Series BC 20 silicon rectifier 
assemblies have easy-access top term- 
inals. Various circuits can be supplied 
in this package with up to six hermetic- 


:* 


ally sealed diodes and six terminals. 
Packages are rated up to 1.5 amp 
at 100 C with piv ratings up to 600 
volts with derating of forward current 
to zero at 190 C. Double-diffused 
rectifiers have very low reverse-cur- 
rent ratings. Bradley Semiconductor 
Corp., 275 Welton St., Hamden, Conn. 


Circle 501 on postcard at end of book 


HERMETIC-SEALED RECTIFIER 


Silicon rectifiers, for solder mounting. 
are glass-metal hermetically-sealed. 
welded and nickel plated. Peak inverse 
voltages of 50 to 400 are available in 
each of four series rated at 10, 15, 25, 
and 35 amp d-c average current, at 
150 C average case temperature. 
All are available in standard or re- 
verse polarity. Overall case height, 


‘46 in.; base diam, 5g in. Semiconductor 
Div., Syntron Co.. Homer City, Pa. 


Circle 502 on postcard at end of book 


MODULAR THERMOELECTRIC 
COMPONENT COOLERS 


Thermoelectric modules provide low 
local temperatures for transistors, di- 
odes and other electronic components to 
reduce probability of component failure 
Units have no moving parts, can be 
mounted in any position. Heat-pumping 
capacity depends on temperature dif 
ference between hot and cold cooler 
surfaces and on unit's power input 


Type WX 816 module can maintain 
25-C temperature differential with a 
heat load over 17 Btu/hr. To supple 
ment heat-rejection capacity, air or 
liquid cooling can be applied to hot 
side of cooler. General power require- 
high d-c current at low voltage 


tox 2278, 


ments: 
Westinghouse Electric Corp 
Pittsburgh 30. 

Circle 503 on postcard at end of book 


SILICON-CONTROLLED 
RECTIFIERS 
The Cll line of 


conductors offers a device for those 
SCR applications which do not require 
the high power and temperature rating 
of previous C10 line. Eight models of 
Cll, for use in light-dimming and 
motor-speed controls and relay replace- 


low-current semi- 


screened for design-in use 
complete with all released specifica- 


ments, range from 25 to 400 volts 
repetitive piv. Forward current, up to 
1.7 amp; typical gate current to fire, 
10 ma at 0.69 volts: 

voltage to fire, 2.0 volts 


typ al turn-off-time 


maximum gate 

typ al turn 
on-time, 2.0 psec; 
15.0 psec: one-cycle surge current, 60 
amp at rated load conditions and up 
to 125 amp during turn-on time, Gen 
eral Electric Co., Charles Bldg., Liver 
pool, N.Y. 


Circle 504 on postcard at end of book 


SILICON POWER 
TRANSISTORS 


V-P-N diffused-junction transistors 2N 
1661 and 2N1662 supplement 2N1660 
handling 


for high-frequency power 


Collector-to-emitter voltages increased 


ioe" 


to 80 and 100 volts, respectively. Max 
imum collector current, 2 amp: min 
imum beta frequency, 25 me; 
output, 85 watts. Semiconductor Div., 


power 
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The advantages of aluminum combined with Appleton —_ gggore you BuY OR SPECIFY 
manufacturing standards for dependable performance | |, eygex THESE APPLETON 
now make available a wide selection of rugged, service- QUALITY FEATURES 
able pressure cast aluminum fittings to give you easier 
electrical installations . . . faster, more economical! 
Your distributor has them now. The complete line a. ee 
includes seven of the most popular types in |)", °4” — « Reinforced points of stress © Easy-to-read cast 
and 1” sizes to meet most job requirements. When you _ identification « Attractive, practical design « Low 
use them, you will agree .. . they are outstanding in °*t hh quality + Wide assortment of covers 
every respect—from design to manufacturing excellence. — 


Easy to use—roomy « Lightweight—durable eTaper 


Contact your distributor or write for bulletin No. AL 60. It includes details for the entire aluminum 
product line by Appleton: Form 85 and larger sizes in Form 35 Unilets, FS and JB fittings and V-51 
lighting fixtures, 


Sold through franchised distributors only 


Also manufacturers of: 
Explosion a 
Laghting 
e Fixtures 


in Lighting 


e/ectric company a 


4 
/ \ 


| 
am 


1701 Wellington Avenue, Chicago 13, Illinois 
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The Finest Zuality ts 


the Least Ergenstue 


sharp, clear, 
easy to read 


Rubicon D.C. 
spotlight 


galvanometers 


Now in a smartly designed 
new case .. . the galvanometer 
that’s become the standard in 
research and production test- 
ing applications. It is excep- 
tionally sensitive and stable, 
and built to withstand the 
rigors of day-to-day service in 
the laboratory and on the pro- 
duction line. 


®@ Sharp, parallax-free, hair- 
line index. 

® Ground glass scale with 
sharp, clearly defined divisions. 
® Dual 120mm. scale, sub- 
divided 0-120 and 60-0-60. 
Simple lever moves index to 
either zero position. 

® Final adjustment made with 
knurled thumb screw, spring- 
loaded to eliminate backlash. 


® Can be used for both deflec- 
tion and null measurements. 


There’s a complete line of 
Rubicon D.C. spotlight gal- 
vanometers. For complete de- 
tails, contact your nearby 
Honeywell Branch Office, or 
write to MINNEAPOLIS- 
HoNEYWELL, Rubicon Instru- 
ments, Philadelphia 32, Pa. 


th 


' ERING THE FUTURE 


YEAR 


256 


Honeyw 
Hi). Fat in Contiol 


ell 


imce teee 
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Raytheon Co., 215 First Ave., Needham, 
Mass. 
Circle 595 on postcard at end of book 


PHOTOCONDUCTIVE CELLS 


Low-resistance Series L photoconduc- 
tive cells, hermetically sealed in glass, 
are particularly useful in transistor 
and other applications. 


Units are rated at 60 volts max with 


low-voltage 


100 ft- 
candles. Provides for power dissipation 
to 4% watt, continuous, and high ratios 
of light to dark current even at low 
light levels. Clairex Corp., 19 W. 26 
St.. New York 10. 

Circle 506 on postcard at end of book 


MINIATURE NEON LIGHT 


Transistor-driven indicator lights, Model 
LVN, have a minimum life of 25,000 
hr. Self-contained oscillator 
circuit converts low d- 


resistance as low as 40 ohms at 


transistor 
voltage to a- 
Operating temperature range is from 


40 to 


+-65 C. Power consumption is 


150 mw nominal. Series includes five 
standard models covering a supply volt- 
Other 
request 
Transistor Electronics Corp., 3357 Re 
Minneapolis 26, Minn. 


Circle 507 on postcard at end of book 


RESISTANCE THERMOMETERS 
Model 


positive 


age range of 6 to 24 volts d-« 


voltages are available on 


public Ave 


S29 thermometer produces a 


resistance change of over 3 


ohms for each degree C change in 


all-weather remote or 
Potted 


most 


temperature in 


proximate areas. construction 


permits immersion in gases and 
liquids. Thermometer is 1 < in. long, 

in. diam: may be mounted in standard 
fuse clip. in “se-in. cable clamp or 
suspended by leads which withstand at 
least 5-lb pull. Resistance, 676 ohms, 


+l per cent at 25 C; operating tem- 


55 to +100 C. Minco Prod- 
Ave. No., 


perature, 
vets, Inc.. 740 Washington 


Minneapolis 1. 
Circle $08 on postcard at end of book 


SOLENOID VALVES 


A 4,-in., high-performance. direct-act- 
ing solenoid valve for manifold mount- 
double or 


spring-return types; 2, 3, or 


ing is available in single 


solenoid, 
4 way; 2 or 3 position; for air, vacuum, 


and conventional! hydraulic fluids. Seven 


spool types available to meet all require- 
ments. With the electrical junction box 
covers in place, O-rings provide vapor- 
tight 
constant-duty type and equipment with 
Beckett-Harcum Co., 


seal. Solenoids are industrial, 
manual actuators 
Wilmington. Ohio 
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MOLDED HEATING 
ELEMENTS 

Complex shapes 
ed by “molded heat” 


tions are temperature control of hydrau 


can be uniformly heat 
elements. Applica 


lic valves, air valwes and electronic 


Expensive tooling and long pro 
lead 


eliminated 


parts 


toty pe times are said to be 


since a scrap part is the 
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DESIGN WITH 


ARNOLD 6T CORES... 
SAME-DAY SHIPMENT OF 


STANDARD DELTAMAX CORE SIZES 


Arnold 6T tape cores (aluminum- 
cased and hermetically-sealed) 
offer you three very important de- 
sign advantages. One: Maximum 
compactness, comparable to or 
exceeding that previously offered 
only by plastic-cased cores. Two: 
Maximum built-in protection 
against environmental hazards. 
Three: Require no supplementary 
insulation prior to winding and can 
be vacuum impregnated after 
winding. 

Now we've added a fourth vital 
advantage: Maximum availability 
An initial stock of approximately 


READY 
TO ROLL! 
RIGHT 
FROM 
STOCK 
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20,000 Deltamax 1, 2 and 4-mil 
tape cores in the proposed EIA 
standard sizes (See AIEE Publica- 
tion No. 430) is ready on ware- 
house shelves for your conveni- 
ence. From this revolving stock, 
you can get immediate shipment 
(the same day order is received) on 
cores in quantities from proto- 
type lots to regular production re- 
quirements. 

Use Arnold 6T cores in your 
designs for improved performance 
and reduced cost. They're guaran- 
teed against 1000-volt breakdown 

. guaranteed to meet military 
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test specifications for resistance to 
vibration and shock . . . guaranteed 
also to meet military specifications 
for operating temperatures. The 6T 
hermetic casing method is extra 
rigid to protect against strains. 
Let us supply your requirements. 
Full data (Bulletin TC-101A and 


Supplements) on request. @ Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Il. 


ADDRESS DEPT. 


ARNOLD 


SPECIALISTS In MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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only tooling required. Typical shapes 


| are illustrated. Electro-Flex Corp., 443 


E. Alondra Blvd., Gardena, Calif. 
Circle $10 on postcard at end of book 


| SUB-MINIATURE LAMPS 


| Sub-miniature incandescent lamps vary 
| in size from %-in. overall length, with 


voltages ranging from 1.8 to 28 volts 


Designed for severe vibration and shock 
conditions. Hudson Lamp Co., 528 
Elm St., Kearny, N.J. 

Circle 511 on postcard at end of book 


| ELECTRICALLY HEATED 
| LAMINATES 


We talk a synchronous 
motor language 
at Bristol Motors! 


And that means your language. 
Whatever your needs—we can 
answer them quickly, economically, | 
perfectly—with dependable 
synchronous timing motors from | 
our standard lines—-or 
with motors built to your exact 
specifications. Speed ranges 
from 1800 rpm to 1 rp month. | 
Shaft length, voltage variations, 
shift and brake action and 
other special features can be | 
engineered to your requirements. | 
Ask for the Bristol Motors 
Representative in your area— 
write for new Catalog 160. 


BRISTOL @@ MOTORS 
Division of Vocaline 
Company of America, Inc. 
210 Coulter Street, 

Old Saybrook, Conn. 
Dept. EM-10 


Flexible, thin, reinforced plastics lam 
inates with embedded electric heater 
elements can be designed for various 
watt densities with maximum surface 
temperatures in the 400 to 500 F range 


Sheets 0.021-in. thick resist electrical 


breakdown saline solution 


sion tests under 250 volts. 


in immer- 
Sheets are 
available in sizes up to 36 x 48 in. and 
in thicknesses 0.020 in. and up. River- 
side Plastic Div., Bischoff Chemical 
Corp., 220 Miller Rd., Hicksville, N.Y. 
Circle 512 on postcard at end of book 


| WOODGRAINED PLASTIC 


TRIM MOLDINGS 


Finished moldings, manufactured by 
laminating patterned material between 
two thicknesses of plastic, are available 
in over 50 different woodgrained cross 


| sections. Permanently protected by a 


| available 


coating resistant to wear and corrosion, 
flexible moldings can be hand-formed, 
bent around sharp corners and curved, 
often without mitering. Other finishes 
are chrome, 


brass, copper, 


| gold, marble and speckled or glitter 
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Here’s the only X-Y instrument today that gives 

you extremely fast response time — direct, large area 

recordings — 1% linearity: the SANBORN MODEL 

670A X-Y RECORDER. The capabilities of the 

670A make it particularly valuable in such applica- 

tions as rapid recording of diode and transistor charac- 

teristics ... hysteresis curves for control systems, 

gyros, servo valves, magnetic velocity or 

acceleration vs. vibration of mechanical elements. 
Inputs to each axis are through interchangeable 

“850” series preamplifiers, and can range from micro- 

volts to volts. With Model 850-1500A Low Level pre- 

amplifiers, 62.5 uv gives a 1” chart deflection; with 

Model 850-1300B DC Coupling preamps, 31.25 mv 

gives 1’ chart deflection. To record 

one variable against time on the 

X-axis, the Model 670-800 Time 

Base Generator is also available. A 

plug-in MOPA is available to supply 

fixed frequency excitation to pre- 

amplifiers. 


coils; 


, 


Recordings are made on 8” x 8’ 
daylight-loading, ultraviolet -sensi- 
tive charts by an optical (light beam 


recording system. The trace may be monitored on 
phosphorescent screen before recording, beam intensi- 
ty is adjustable for maximum sharpness, and X and Y 
axes may be recorded directly on the chart. Brief post 
exposure in room light develops the record. 
SPECIFICATIONS 
Input: single-ended or push-pull 
Input Impedance: 5 megohms from each high input 
terminal to ground with 850-1300B preamplifier 
Frequency Response: to 130 cps within 3 db at 8’’ 
peak-to-peak deflection 
Sweep Rates with Time Base Generator: from 0.01 to 
2 seconds 
Output Drift: 0.04 inch ‘hour with 850-1300B 
Packaging: Optional cabinet 211,” 
x 20” x 20” high, or can be rack 
mounted in 15%,” of panel space 
Power Requirements: 450 watts, 
115 volts, 60 cycles AC 
Ask your local Sanborn Sales- 
Engineering Representative for com- 
plete information on the Model 
670A X-Y Recorder, or write the 
Industrial Division in Waltham, 
Massachusetts 


Record 100th -of-a-second 
xX-Y variables directly 


HYSTERESIS iN MAGNETIC COIL. 
This plot of magnetomotive force vs. flux 
density was recorded on the Sanborn 
Model 670A X-Y Recorder. The complete 
trace was made in 1/60th sec. 


aca 
Jer 


SAN BORN 
COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waltham 54, Massachusetts 


OCTOBER 1960 


e at 2500"/sec. writing speeds 
e on 8" x 8" charts 

e with 1% linearity 

e from microvolts to volts 
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DATA FILES 


on the 


complete 


Allied Research 
Finishing 


Line for Metal 


PROCESSES AND PRODUCTS FOR 
CORROSION PROTECTION, PAINT 
BASE, DECORATIVE FINISHING 


A complete line including IRIDITE 
Chromate Conversion Coatings for 
non-ferrous metals, IRILAC Clear 
Protective Coatings for all metals, 
ISOBRITE Chemically Different 
Plating Brighteners and ARP Process 
Chemicals. 


If one of our present products does not 
meet your needs, we'll be glad to work 
with you to find an answer to your 
problem. 


EQUIPMENT AND COMPLETE 
FINISHING SYSTEMS 


Includes information on WAGNER 
Silicon and Selenium Rectifiers, 
WAGNER Auto-Loaders for transfer 
of racks and parts from conveyors to 
plating machines or between conveyors, 
Automatic and Semi-Automatic Plat- 
ing Machines, Barrels, Tanks and 
other equipment. 


Also includes information on Process 
Engineering Service—complete plant 
design, specification and installation. 


CHEMICALS AND SUPPLIES 


Price and delivery information on a 
wide variety of plating room 
necessities, including ROLL-TOP Zinc 
anodes, FLAT-TOP copper anodes, 
ELECTROCOP Flat Copper anodes, 
Cadmium and Tin Anodes, Acid 
Replacements, Buffs, Chemicals, 
Cleaners and Maintenance Materials. 


NICKEL RECASTING SERVICE 


Ask about our Subscription Plan which 
combines your new nickel purchases 
with a service to recast your butts and 
spears, resulting in substantial savings. 


WRITE DIRECT... 
for your copies of these 
FREE DATA FILES, oF 
tcontect your Allied Field 
Engineer. He's listed in the 
yellow pages under 
“Plating Supplies”. 


Allied Research Products, Inc. 


WZ 


patterns. Glass Laboratories Inc., 863 
65 St.. Brooklyn 20, N.Y. 
Circle 513 on postcard at end of book 


ENCAPSULATING SHELLS 
FOR WIRE-WOUND RESISTORS 


Plastic-molded shells with axial or 
radial leads can withstand continuous 
operating temperatures up to 450 F 
Available in mineral-filled alkyd to meet 
MIL specification MI4EMAG, and dial 


g 


lyl phthalate for high-temperature ap- 
plications to meet MIL specification 
18794SDG. Shells, molded to 0.002-in 
wall thickness, are made in all standard 
resistor sizes. Milton Ross Co., 237 
Jacksonville Rd.. Hatboro 143, Pa. 
Circle 514 on postcard at end of book 


PRINTED CIRCUITS ON 
CERAMICS AND GLASS 


Silver inks and special techniques as- 
sure precise circuit reproduction, high 
bond strength and scratch resistance, 
and heat stability to 1000 F. Circuit 
patterns can be applied on flats, tubes, 
rods, cones and other geometric shapes 

(Continued on page 262) 


4004-06 EAST MONUMENT STREET + BALTIMORE 5, MARYLAND 

BRANCH PLANT, 400 MIDLAND AVENUE © OFTROIT 3, MICHIGAN 

West Coost wensee for Process Chemicals | MH Butcher Co 

barapece Agent Shure Gronberge Sio-gotor 10 Stockholm Sweden 

Chemica! ond Elect ochemco! Processes Anodes Rectifiers, Equipment ond Supphes fo Meta! Fm sheng 


ap am au ap «cS 
Chromates Costings Brighteners Supplies Equipment 
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SEYMOUR STAINLESS STEEL 


write 
for new 

list of 
available 
alloys! 


The 


SEYMOUR 


MANUFACTURING CO. 
Seymour, Connecticut, TUxedo 8-2541 
@ New York, OXford 7-2390 (TWX:45) 
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H&B 
PRECISION 
LIGHT-SPOT 
WATTMETERS 


SERIES GLM 


Available in many ranges Whenever you need sub-fractional horsepower... 
with an accuracy down to 0.1% ravea tT am ta Rae Lee 


motors offering a wide choice of stock ar 
For accurate Power Measurements in eR ORY TR Eee PPI 
e Laboratories makes of appliances, phonegraphs, business mach 


a.imated displays and othe 
e Test Departments and ae ae rae Vesa te 
e for calibrating high precision KW-hour ot Cla 
meters 
For practically all power measurements on DC, 
1 or 3 phase AC at frequencies from 15 to 500 cps. 


Other H&B Light-Spot Instruments 
Moving Iron Ammeters Electrodynamic Voltmeters 
Moving Iron Voltmeters Electrostatic Electrometers 
Moving Coil Galvanometers Write for complete catalog 


150 Nassau St. (IFAC TURIN C 
EPIC INC THE ALLIANCE MANUFACTURING CO 


New York 38, N.Y. 
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Pi ma tal 3 Os 
INDUCTION 


Lepel 


TYPICAL INDUCTION 
HEATING APPLICATIONS 


Tempento SECT IO 


Punch Heads Selectively 
Tempered 


Diagrom shows arrangement for se- 
lectively tempering heads of alloy 
steel punches. The use of a combina- 
tion type solenoid ond pancoke in- 
duction coil reduces hordness from 
Rc 55/56 to Rc 41/44, improving 
resistonce to brittle fracture ot the 
head of the punch. In this cose oa 
heating cycle of 55 seconds provides 
uniform tempering. A multiple posi- 
tion fixture, processing 4 pieces ot 
one time, speeds up production 


Temperatures 


@000000000 
Qoo00000000 


Laboratory anolyses frequently re- 
quire heating of non-conducting 
materials to temperotures of 3,000 
to 3,500° F. in vacuum or special 
etmosphere. This con be occomplish- 
ed by induction heating with the aid 
of ao metal susceptor. Diagrom shows 
the fusion of mica samples in an alu- 
mina crucible, using molybdenum 
susceptor. A ceramic tube surround- 
ing the susceptor isolates the work for 
fusion in o vacuum. The molybdenum 
susceptor is heated by induction, 
which in turn, heats the crucible by 
radiation. 


V y Td ae 
EPLEL LABORATORIES, INC. 


55th ST. & 37th AVE, WOODSIDE 77 


Circuits can be soldered or plated. Cir- 
cuit thickness between 0.0003 and 0.- 
0010 in., with most pattern tolerances 
held to +0.002 in. Volume resistivity, 
5 X 10° ohm-cm. J. Frank Motson 
Co., Flourtown, Pa. 

Circle 515 on postcard at end of book 


MINIATURE HEATER 


Twenty to 75-watt heater for 6 to 115 
volts a-c or d-c has small center-line 
opening for passing fluid or wire to 


be heated to up to 800 F. Unit encap- 
sulated and enclosed in heat and shock- 
resistant ceramic. Sorrels-Johnson Corp., 
363 Rantoul St., Beverly, Mass. 

Circle 516 on postcard at end of book 


STOCK CERAMIC PARTS 


Bushings, washers, rods, disks, plates 
and V-blocks for use at temperatures 
to 2100 F are made of thermal-shock- 
resistant ceramic. Parts can be modi- 
fied with silicon carbide wheels or 
ultrasonic hole drills. Bushings avail- 
able in 14 to 2%4 in. ID; rods in % to 
1% in. OD; plates in 1 x 1 in. to 5 x 
6 in. Duramic Products, Inc., 426 Com- 
mercial Ave., Palisades Park, N.J. 


Circle 517 on postcard at end of book 


SPECIALIZED TERMINAL 
BOARDS 


A semi-automatic production process 
machines custom-laminated boards and 
terminal strips to meet MIL-Q-9858, 
MIL-Q-5923C and MIL-STD- 105. 
Boards may be machined from silicone, 
melamine, epoxy, or other laminates, 
depending upon mechanical, electrical, 


INDUSTRIAL POWER 
TRANSISTORS 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


» Fast delivery from local stock 
Prompt delivery of the latest RCA 
types for your evaluation 
Orders filled from factory-fresh 
stock 
Up-to-date, practical product infor- 
mation 
Valuable RCA technical assistance 
when you need it 

“ “One-stop” service on your orders 


| Specialists who understand your 


problems and your electronic needs. 


| Remember, when you want fast delivery, 


reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 


Circle 241 on Inquiry Cerd 





2N173 | 2N174 | : | 2N277 


 ? 
7 


11 New RCA Industrial Power Transistors 


IN THE TO-36 PACKAGE 


These PNP Germanium alloy junction types featuring 100°C maximum junction 
temperature are broadly applicable for power switching in industrial and military circuits 


Now make RCA your source of supply for germanium @ Broad selection of voltage ratings and beta ranges 
power transistors in the single ended center stud pack- for greater design flexibility. 
age. Check out the important design advantages these @ Wide application in power switching circuits such 
new RCA types provide: as dce-to-de converters, inverters, choppers, solenoid 
. ; ; drivers and relay controls. 
Low saturation resistance and low leakage current Comprehensive on-the-spot design and application 
for high power efficiency. service provided by RCA’s growing team of Semi- 
® Effective heat transfer right at the point where conductor Product Field Engineers. 
needed, facilitates more compact designs. Call your nearby RCA Semiconductor representative 
Cold-weld seal, proved by RCA through years of today for additional information on these new tran- 


experience, provides extra assurance of uniform  sistors. For further technical data, write RCA Com- 
hermetic sealing. mercial Engineering, Section J-54-NN, Somerville, N. J. 


RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES 


EAST: 744 Broad Street, Newark, N. J., HUmboldt 5-3900. NORTHEAST: 64 ''A"’ Street, Needham Heights 94, Mass., Hillcrest 4-7200. EAST CENTRAL: 714 New Center Bidg 
Detroit 2, Mich., TRinity 5-5600. CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago, !!!., WHitehall 4-2900. WEST: 6355 E. Washington Bivd., Los Angeles, Calif 
RAymond 3-8361 + 1838 El Camino Real, Burlingame, Calif., OXford 7-1620. SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167. GOV'T: 224 N 
Wilkinson St., Dayton, Ohio, BAldwin 6-2366 - 1725 “K'’ Street, N.W., Washington, 0. C., FEderal 7-8500 


Available The Most Trusted Name in Electronics 
through your RADIO CORPORATION OF AMERICA 


RCA Distributor 
Circle 241 on inquiry Coard 





“SYNGHRON: 


Hansen SYNCHRON 
being assembied 
into “EC” Local 
Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals and all 
other intervals which remain constant regardless of cycle length and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply the one govern- 
ing variable intervals responds to variable frequency from the master control unit 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SY NCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 


HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC 
Rochester, N.Y. — Buffalo, N.Y. — Syracuse, N_Y. 
Binghamton, N.Y. — Schenectady, N.Y. 
ELECTRIC MOTOR ENGINEERING, INC. 
los Angeles, Calif. — (WEbster 3-7591) 
Oakland, California 

WINSLOW ELECTRIC CO. 

New York, N.Y. — Chester, Conn 
Philadelphia, Penn. — Cleveland, Ohio 


HANSEN 


MANUFACTURING 
COMFANYT, INC 


P A 
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and environmental requirements. Term- 
inals may also be specialized to meet 
specific requirements. Special Products 
Div., National Connector Corp., 311 
Fifth Ave., Minneapolis 1. 

Circle 518 on postcard at end of book 


MICRO-FUSED QUARTZ 


Quartz for infrared, microwave and 
analytical applications is available in 
very thin plates, optically ground and 
polished flat. Seven thicknesses supplied 


from 0.003 to 0.021 in. as rounds, 
squares and rectangulars to 4 in. across 
Dell Optics Co., 327-55 St.. West New 
y ork, NJ 

Circle 519 on postcard at end of book 


GLASS-BONDED MICA 


Mykroy 116, a special grade of glass- 
bonded mica, has a 10-18 micro-inch 
finish that allows 0.0003-in. wires to be 
wound smoothly and evenly, so that 
a brush riding across the winding will 
produce very low noise. Withstands 
operating temperatures up to 1000 F. 
Available as centerless ground solid 
rods or short tubular forms with min- 
imum wall thickness of 0.070 in. Elec 
tronic Mechanics, Inc., Clifton, N.J. 
Circle 520 on postcard at end of book 


EPOXY RESIN 


Scotchcast one-component resin powder 
XR-5026 is available in a test kit which 
serves also as a powder aerator for ex- 
perimental applications. Principal use 
of resin is coating and moisture-proof- 
ing stators and rotors, resistors, capaci- 
tors, toroids, printed circuits, bus bars 
and other objects. Can be applied by 
various methods of suspension coating. 
Dip cycle, 1 to 3 sec. Powder adheres 
to hot object, melts, flows slightly, then 
cures. Retained heat in units with high 

(Continued on page 267) 
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A NEW Duty Master FHP 


for heavy-duty industrial use 





“ELECTRIC AND ENGINEERING COMPANY . ELECTRIC COMPANY DIVISION 


A NEW 


Duty Master FHP 


Product of the combined 


resources of 
Reliance Electric and 


Engineering Company and its 
Master and Reeves Divisions 


A motor that combines new, 
most-wanted features at no extra cost 


This motor is tough all over . . . deliber- 
ately designed for heavy industrial 
duty. Frame is rolled from steel — end 
shields cast from an aluminum alloy 
specifically selected for strength. Ball 


bearings are double-shielded, with lubri- 


cant packed into the bearing for life. 
Sleeve bearings are steel-backed and 
babbitt-lined for low friction and long 
wear. “Permawick” oil retaining ma- 
terial provides maximum lubrication 
to these bearings. Rotor is pressure-cast 
from high purity, low-resistance alumi- 
num. Varnish impregnated stator re- 
sists moisture .. . and adds strength 
to windings. 


More power per pound .. . simple instal- 
lation, 33% lighter than other preced- 
ing motor designs. Good design and 
materials make the difference. Makers 
of motor-driven products save on ship- 
ping and handling costs. Duty Master’s 
light weight and small size make pos- 
sible lighter, less complex mounting on 
equipment. Terminal board provides 
easy power connection in the front end 
shield. Cover plate quickly removable. 
Motor rotation easily reversed by inter- 
changing slip-on connections. 


Up to 10% cooler than other compar- 
ably rated motors... yet gives you 
maximum protection. High load 


RELIANCE 


CLEVELAND 17. OHIO 
Canadian Division. Toronto, Ontario 


capacity results from new, effective 
ventilation of critical heat sources. 
Laminations, coils and rotor are liter- 
ally rinsed with cooling air through 
new end shield design. In totally- 
enclosed, non-ventilated motors, the 
fan, cast integrally with rotor, circulates 
the air within the motor at a rate ap- 
propriate to efficient transfer of heat to 
motor frame and end shield. And load 
carrying capacity of the totally-en- 
closed fan-cooled motor is increased by 
a fan and shroud directing air over the 
frame and end shield. 


Quiet ... Smooth . . . Positive. Resilient 
mounting composed of metal-rimmed, 
rubber-cushioning rings that encircle 
the bearing hubs on each end and sup- 
port the motor. Motor can be mounted 
in any position. Single phase starter 
winding circuit automatically opens at 
80% of full load speed. Action is quiet 
and positive. 

Available now in 48 and 56 frame sizes, 
from conveniently located stocks. Duty 
Master FHP. is made in 4%, %, %, V4, 
% and % hp. capacitor-start, split- 
phase and polyphase for 48 and 56 
frames; repulsion-start induction-run 
in 56 frame. Your Reliance Sales 
Engineer or Distributor has all the 
facts at his finger tips. Call him or 
write for Bulletin B-2514. It will be 
sent to you promptly. 81678 


aaa 
ENGINE 


Sales Offices and Distributors in principal cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, V*S Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems 





heat capacity is sufficient to cure resin. 
Resin offers high “cut-through” resist- 
ance and impact strength. Electric 
strength, 500 to 800 volts/mil; dielec- 
tric constant, 3.61 at 23 C and 60 cps; 
dissipation factor, 0.0053 at 23 C and 
60 cps. Minnesota Mining and Manu- 
facturing Co., 900 Bush Ave., St. Paul 
6, Minn. 

Circle 521 on postcard at end of book 


MOLDING COMPOSITION 
BASED ON TEFLON 100 


Teflon 100-FEP Resin, compounded with 
10 or 20 per cent glass fiber, was devel- 
oped for injection melding. This filled 


stiff and wear-resistant, 
shrinks only slightly in molding opera- 
tions. Applications include coil forms 
and bobbins, tube sockets and connector 
assemblies, encapsulation and lining of 
valve components. Crane Packing Co., 
— EF-2, 6400 Oakton St., Morton 
Trove, Il. 


plastic is 
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SILICON AND 
GERMANIUM SLICES 


Five slices each of ten most commonly 
used semiconductor resistivity ranges 


Z 
, 


are available in 0.020 in. thickness, °4- 
in. to l-in. diam. Tang Industries, Inc., 
49 Jones Rd., Waltham, Mass. 

Circle 523 on postcard at end of book 


PLASTIC STRAIN RELIEF 
Model SR-1802 relief is molded with 


groove about its diameter to accommo- 
date panel through which it is inserted. 
Separate metal C-ring, locking the 
strain relief in place, permits accurate 


positioning and assures support for UL 


(Continued on page 270) 
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New double-cup design saves 
space, dissipates heat more 
efficiently. Plug itin.. . clip 
itin . .. solder it in or pressfit. 
Can be mounted many ways. 


SSSSSSssss 


DOUBLE ANODE 
TWIN ZENER “SILDISCS” 


vourktt Rance | TAREE" 
E; 

(in (Max) Obl @k 
Volts | mA 


CC.50-1.5 
CC.50-1.8 
CC.5D-2.2 
CC.50-2.7 
CC.5D-3.3 
CC.50-3.9 
CC.5D-4.7 
CC.50-5.6 
CC.50-6.8 
CC.5D-8.2 
CC.5D-10 
CC.5D-12 
CC.50-15 
CC.50-18 
CC.50-22 
CC.50-27 
CC.5D-33 


Sceeeeeue 
sesesessss 


we esses 
SBRSRSH erovewrn—— 
VON SAN SERASRESBS 


oe Oe oe ee 


CONTROLS COMPANY 


A few mountin 
possibilities an 
configurations. 
Consult us about 
our special prob- Offset “Sildisc”’ 
ans. allows contact 
at any angie. 


a 


Double offset 
“Sildisc” inserted 
in terminal strip. 


So S& 


“Sildisc” with one 
center lead 
vertical to board. 


Press-fitted into 
2-sided board for 
dip soldering. 


Press-fitted into 
1-sided board for 
dip soldering. 


e 


oa | 


Riveted into 2-sided lead 
2-sided printed terminal “Sildisc” 
circuit board. on 1-sided board. 


“\ Miniature is the watchword with 
this new CC silicon diode. The 
“Sildisc” fits tightest requirements. New 
double-cup design has maximum heat 
dissipation. 

Ask about CC’s complete line of sili- 
con rectifiers and Zener diodes avail- 
able in low, medium, and high power. 
Call or write for catalog and engineer- 
ing data. 


OF AMERICA 


ELECTRON DIVISION 
811 W. Broadway, P.O. Box 937, Tempe, Arizona 


Circle 244 on Inquiry Card 





IF YOURE READY 
FOR CUSTOM PARTS 


It pays to get complete QC™ service by Sylvania 


can often help lower the cost of production, 


Sylvania helps you with completely objective recom- 
mendations for your parts. From long experience in 
metals, plastics, welds and assemblies Sylvania can take 
fullest advantage of a wide range of equipment. 


Expert design assistance is available and can often 
improve the quality of your part and, more important, 


Outstanding quality parts come from the most modern 
equipment available plus long experience in tooling. In 
addition, Sylvania practices preventive maintenance for 
dies and equipment to assure precise uniformity and 
uninterrupted production. 


CUSTOM ASSEMBLED 


Many of our customers have found Sylvania 
can often assemble and package a product 
—at lower cost than they themselves — no 
matter who makes the parts. Subassembly 
work can also provide customers with 
additional and unexpected savings. 


Result: If your product is small, the parts 
predominantly plastic and metal, and the 
quantities 50,000 or more, it pays you to 
have Sylvania trained specialists assemble it. 


ELECTRO-TECHNOLOGY 





FORMED FROM METAL. 


Sylvania maintains complete custom metal stamping facilities and can 
produce millions of precision-made parts each day from most all types 
of metal. These parts are available in the desired high-production 
quantities—to the most exacting specifications—at low cost to you. 
Sylvania can produce deep-draw eyelet parts, shells, cups and ferrules. 
Our batteries of multi-slide equipment can produce more than 2 million 
parts daily. Vertical presses can meet daily production needs of 2 million 
parts. And special, Sylvania-developed machines can turn out great 
quantities of small wire and ribbon forms as well as wire cuts and leads. CUSTOM WELDED 


It makes no difference if your part is standard-sized, 
miniature or subminiature. Welded assembly is a 
Sylvania specialty. To help you meet your custom 
assembly needs, Sylvania has developed new high- 
speed, high-volume welding techniques, advanced 
welding equipment, automatic and semiautomatic, 
and a corps of trained specialists. 


Results: Sylvania welded assemblies assure high- 
quality electrical and mechanical contact, mirror- 
image uniformity and low cost. 


MOLDED FROM PLASTICS 


Sylvania offers quick, efficient production of plastic 
parts—and at low piece prices in production quan- 
tities. Reason? Sylvania operates one of the most 
complete lines of modern automatic molding equip- 
ment in the world for compression, injection and 
transfer molding. Our bank of rotary presses can 
produce more than a million parts a day, is ideally 
suited to phenolics and urea, and assures minimum 
cost for simply designed plastic parts. 


*QC MEANS QUALITY CONTROL! 


Sylvania maintains a complete quality control department to assure that parts are made to your exact specifications. This control 
works for you throughout the manufacturing cycle. It’s just one more way you benefit when you have Sylvania on the job for parts. 


For full details or a quote, write Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania. 


SYLVE 


Subsidiery of GENERAL TELEPHONE & ELECTRONICS 


OCTOBER 1960 Circle 248 on Inquiry Card 





strain relief pull-test requirements 
Strain relief fits both round and D 
shaped panel openings, as well as wire 
sizes 182 SVT, 18/2 SPT-2, 18/ 2SPT-1, 
20 XT, TPT, 20 PLT and other special 
constructions, When used with D-shaped 
openings, unit prevents cord twisting 
Can be mat hed to any cord color used 
Phalo Plastics Corp., Shrewsbury, Mass 
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1500-F COAXIAL CABLE 


Model 323 cable uses silica dielectric 

copper conductor and protective stain 

less-steel sheath for low-loss at high 

temperature. The 0.170 in. diam cable 

can be supplied with Type C, N, TN¢ 

or BNC connectors for operation at 500 

F or with special connectors for opera 

tion at 1000 F. Characteristic imped 

ance, 50 +2 ohms; attenuation, 5 db 

per 100 ft at 400 me and 12 db per 

f 100 ft at 1500 mc; VSWR, less than 

7 ; 1.05; propagation velocity, 79.6 per 

cent; capacitance is 25 +2 pf per ft The 

| 5.5-lb per 100-ft cable can be bent to 
a less than l-in. radius for small areas 
Thomas A. Edison Industries, McGraw 


plier specially designed for Edison Co., 61 Alden St., West Orange 
NJ. 
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jaws hold clipped end of 

sheared wire firmly . . . noth- Pointed nose 


ing to wear out. reaches confined Steel jaws hold | RUBBER-TO-METAL 


The shear blade is at an enemas clipped ond tight. | ADHESIVE 


angle of 15 degrees (the 
standard angle of regular di- 
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent- ; * ma 
ing shock which might dam- ; pens utes, then pressed together. PA-820 
age transistors and other deli- . : 7 adhesive may be applied to bare metal, 
cate components. For use with | or if primer is required, metal is first 


bare wire up co 18 gauge. Designed to form Coil spring keeps . . 
See your electronic supply loop of wire ond. jows open. cures at room temperature. PA-820 ma- 


house or write for catalog. terial is supplied as a two-component 
formulation that is mixed before each 


Here is a recently developed 


Adhesive system PA-820 cures at room 
temperature to form a tough, yet flexi- 
ble bond. Parts to be joined are coated 
with adhesive, air-dried for a few min- 


coated with a clear epoxy solution that 


WRITE FOR CATALOG 103-A 
Klein Catalog 103-A, describing the 
208-6PC and many other Klein Pliers, 
will be sent on request. Write for a copy. 


Foreign Distributor: international Standard Electric Corp., New York 


= 48 Si eh 


McCORMICK ROAD + CHICAGO 45.JLLIN 
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READ DIRECTLY 


Luua 


and 


Luv 


10 times previous accuracy, drift less than 
+ 4pv per day, noise less than 0.2 pv! 


New 425A Microvoit-Ammeter 


Now make these difficult measurements quickly, easily 


Engineering — minute dc potentials, difference voltages, nulls; resistances from milliohms 
to 10 megmegohms (with external de source). Also use with Esterline-Angus, other 


recorders 


Physics, Chemistry — grid, photomultiplier circuits, vacuum ion levels, thermocouple poten- 


tials, voltaic currents in chemicals 


Medicine, Biology — voltages in living cells, plants, seeds, nerve voltages 


Use of a photoelectric chopper instead of a mechanical vibra- 


tor, insuring low noise and drift. Protection against 1,000 volt 


momentary overloads. New probe minimizing thermocouple 
and triboelectric effects. Heavy ac filtering. 

Above are but a few of the reasons why the new -hp- 425A 
does the work of complex equipment arrays faster, more sim- 


ply and with 10 times previous accuracy. 


In addition to extremely small voltages and currents, Model 
425A measures resistances from milliohms to 10 megmegohms, 


in conjunction with an external constant current. 


Get complete details today from your -hp- representative, or 


write direct. 


SPECIFICATIONS 


MICROVOLT-AMPLIFIER 
Voltages: Pos. and neg. 10 sv to 1 v full scale. 
11 ranges, 1-3-10 sequence. 
Current: Pos. and neg. 10 A#la to 3 ma full scale. 
18 ranges, 1-3-10 sequence. 
input Impedance: 1 megohm on voltage ranges, 
1 megohm to 0.33 ohms on current ranges. 
Accuracy: = 3% full scale. 
AMPLIFIER: 
Frequency Range: dc to 0.2 cps 
Gain: 100,000 maximum 
Output: 0 to 1 v, adjustable 
Output Impedance: 10 ohms 
PRICE: $500.00 f.0.b. factory 


Data subject to change without notice 


HEWLETT-PACKARD COMPANY 


5026M PAGE MILL ROAD - PALO ALTO, CALIF., U.S.A. 
CABLE “HEWPACK™ - DAVENPORT 6-7000 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 


hp presenting 30 basic new instruments in one year! 


iy 
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KESTER SOLDER 


The highest standards of manu- by industry on KESTER soLper. This 
facture and use of virgin metals acceptance has been carefully built 
exclusively have contributed to the up over the last 60 years. It’s a 
virtually single-minded insistence responsibility we don't take lightly. 
WRITE today for complete 78-page Kester technical manual 
“SOLDER . . . its Fundamentals and Usage.” 


KESTER SOLDER COMPANY 


4209 Wrightwood Ave., Chicoge 39, Ill. + Nework 5, H. J. + Anaheim, Col f. + Brantford, Oot, Conete 
OVER GO YEARS’ EXPERIENCE IN SOLDER AND FLUX MANUFACTURING 
Circle 243 on Inquiry Card 


NEW 


sub-fractional h.p. 


WORM DRIVE 


GEAR MOTOR 


TYPE WGM 


—_— 
ge — 


ye exceptionally 
efficient / 
—— > QUIET 
low cost\ * 
‘\ operation 
Me. an 


~—— — 


A two-pole, shaded pole AC induction motor with totally enclosed die 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- 
reducer speeds, 12 to 300 rpm. Output torque up to 50 inch Ibs. at 4 rpm 
Precision worm drive. Output shafts, 4%", 4", 5%", %". Mounts in any 
position. Ideal for motorized office equipment, revolving displays, vend- 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast 
stopping; overload thermal protection; varnish impregnated stator, stain- 
less steel or plated shafts 

We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or GO cycle; 
Y% to 800 rpm.; torque up to 200 inch lbs. Special gear-reducers designed 
to your requirements at low cost. Send for details 


Molon Motor & Coil Corp. 


ct 3737 industrial Avenve ¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear Reducers 
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use. Plastic Associates, 2900 S. Coast 
Blvd., Laguna Beach, Calif. 
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STAINLESS-STEEL 
SPRING WIRE 


Spring wire is available in stainless 
steel Types 302, 304 and 316, as well 
as in phosphor bronze, nickel, silver, 
brass, Monel, Inconel, Inconel “X” and 
Duranickel. H. K. Porter Co., Inc., 
Riverside-Alloy Metal Div., Riverside, 
N.J. 
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PRINTED-CIRCUIT PLATING 
THROUGH HOLE 


Copper-plating solution may be added 
directly to either copper sulfate or cop- 
per fluoroborate baths for ductile plat- 
ing of 75 Rockwell F hardness. Tensile 
strength of 0.033-in. copper plate, 41, 
000 psi; ductility, four bends on self; 
elongation in 2 in., 23 per cent. Solu 
tion provides good throwing power to 
electrolyte. Seymour Mig. Co., Franklin 
St.. Seymour, Conn. 
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SYNTHETIC OIL FOR 
LOW-TEMPERATURE 
APPLICATIONS 


Light-viscosity diester L-423 oil features 
pour point below 105 F and viscosity of 
5000 centipoises at 90 F for low starting 
and running torques from 100 to 
+250 F. Available in pint, quart and 
gallon cans, 5- or 55-gallon drums 
Lehigh Chemical Co., Chestertown, Md 

Circle $29 on postcard at end of book 


LOCKING CLIP 


Positive-action locking clip holds fuses 
and other small electronic components 
securely against shock and vibration. 
Available with ejecting spring which 


expels component when tension is re 
leased. Ferrule diameters from 4:2 to 
l'y in. can be accommodated. Clip i- 
spring-temper phosphor bronze MIL-B- 
892. offered in five finishes. Atlee Corp., 
417 Prospect St.. Woburn, Mass. 

Circle 530 on postcard af end of book 
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not deceiving 


THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS 


Our AB relay looks rugged . . . and it is. You can specify it for 
10 amp switching and confidently expect 100,000 cycles. Yet it 
is compact, easily mounted, and does not require special han- 
dling. Installation is simple, using your preference of screw 


ABC Series—AB series can be sup 
plied enclosed in sturdy metal dust 
cover, 14s" x 2"%Ay” x 2¥%n" 


terminals (adapters), quick connects, 
or dip soldering. 

Designers specify the AB for air 
conditioners and other products where 
dependable, continual service is 
paramount. 

These standard AB and ABC relays 
are listed by Underwriters’ Labora- 
tories and Canadian Standards 
Association: 

Type = Arrangements Type 
ABJAY DPST-NO ABC7AY DPST-NO 
ABBAY DPST-NC ABCBAY OPST-NC 
ABIIAY DPOT ABCIIAY DPOT 


Coil voltages: 6, 12, 24. 115 and 230 volts AC, 50/60 cycle 


Contact rating 10 amps. 115 volts AC or 5 amps 
W volts AC noninductive 


U/L File £-29244 CSA No. 15734 


Write for complete data or contact 
your nearest P&B sales engineer. 


Arrangements 


AB AND ABC RELAYS 
ENGINEERING DATA 


GENERAL. 
Insulation Resistance: 100 megohms minimum 
Ute: 3 million cycles (mechanical). 
Breskéows Voltage: 1500 volts rms between 
all elements and ground 
Temperature Range: DC: —55 to +45°C 
AC: —S5 to + 45°C 
Weight: Ali—5 ors. ABC—7 ozs. 
Terminals: Fit 4” quick-connect terminals 
or may be applied to printed circuits 
using dip soldering. Screw adapters 
furnished on request 
Enclosure: ABC: Heavy duty dust cover 
Dimensions: 1°44" x 2?%2" x 2%2". 


CONTACTS: 


arr : DPOT 

Matenal: 4" dia. silver. Other materials 
available. 

Lead: 5 amps at 230 volts AC or 10 amps 
at 115 volts AC noninductive. 

10 amps at 28 volts DC. 


con: 
Voltage: DC: 6 to 110 volts. 
AC: 6 to 230 voits. 


Power: DC: 2 watts nominal. 
AC: 6.4 volt-amps. 
Resistance: 35,000 ohms max. 
Duty: Continuous: DC coils will withstand 
6 watts at + 25°C. 


MOUNTINGS: 
AB: Two 8-32 tapped holes on 14” centers. 


ABC: One 8-32 stud 4” long and 
locating tab 


P&B STANDARD RELAYS 
ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


‘ 


6 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 250°C 


CERAMIC SINGLE SILICONE 


CERAMIC SINGLE TEFLON 


Creat 
ULATION 
tte OY 
TRON TROw 
ovtmuar ovtmay 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Tefion 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * *& 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SPRAGUE 


MARK OF RELIABILITY 
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SPRING-LOADED 
COMPONENT HOLDERS 


Series If component holders, used for 
prototype assembly and for quick set- 
ups of semiconductor circuit designs, do 
not shear component leads. Brass- 
machined holders use stainless-steel 302 


springs for jaw tension requiring only 
finger pressure (5 to 744 lb) to open 
jaws for insertion of leads as large as 
banana plugs. Two of three types avail- 
able are designed as through terminals 
for screw mounting on phenolic and 
other insulated boards. Of these, one 
has a female socket for quick connect/ 
disconnect of banana plugs, other is 
designed for a soldered lead wire 
connection. Third type has TFE-fluoro- 
carbon compression-mounted through- 
bushing for aluminum or other metal 
prototype boards. Available for banana- 
plug or solder-base connection. Jupiter 
Electronics, Inc 
York 51. 
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TEST SOCKETS 


AS-series sockets receive terminals of 
relays, transformers, crystal cans and 
other components being tested without 
solder joints or clip leads. Two insulated 
contacts provide double connection to 


each pin, reducing socket-resistance test 
error. Sockets accept straight-pin, 
solder-hook, flattened, pierced, turret 
and other terminals. Anaheim Elec- 
tronics Div., Electronic Engineering 
Co., 1601 E. Chestnut Ave., Santa Ana, 
Catif 
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SOLDERLESS SPRING-CLIP 
TERMINAL 


Model T-30 holds up to six leads with- 
out soldering or staking. Spring clips fit 
any round 0.093-in. hole. Contact resis- 
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Porter Silicone 
GIVE YOU SUPERIOR 


Porter Silicone Tapes form void-free, moisture- 
proof coverings of great durability. They are 
highly resistant to weathering and corrosive at- 
mospheres, have outstanding sealing qualities 
and mechanical stability. 

Porter provides the widest selection on the 
market for Class H and Class B insulation. Un- 
vulcanized . . . semivulcanized . . . self-bonding 
silicones—calendered on square-cut glass cloth, 
bias-woven glass cloth, or Dacron and glass. 
Used singly or in combinations, these tapes pro- 


Tapes 


INSULATION SYSTEMS 


vide you with degrees of elongation, dielectric 
strength, and other properties for all winding 
and insulation requirements. 

Or perhaps you need something much more 
“special.” Thermoid Division engineers will 
work with you and develop the right tape that 
fits the unique demands of your job. 

For fresh stocks of Porter Silicone Tapes, or 
information on special design characteristics, 
write Thermoid Division, H. K. Porter Company, 
Inc., 200 Whitehead Road, Trenton 6, N.J. 


Ask pv ae 
Silicone ape 
Brochure with 
actual sumples. 


THERMOID DIVISION Ua H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers, speciality alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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VACUUM IMPREGNATING 


J. P. Devine’s Contribution 
to the Electrical Industry 


Vacuum processing, first introduced into the United States over 
50 years ago by J. P. Devine, opened whole new areas for the 
electrical industry, resulted in a better product at less expense, 

Today, J. P. Devine remains one of the outstanding 
producers of vacuum processing equipment, still serves the 
electrical industry. Devine horizontal and vertical vacuum pres- 
sure units are now in daily use around the world helping to 
produce quality electrical products. For instance, the Devine 
impregnating system pictured above is completely automatic, 
unitized—and simultaneously processes 24 small integral KVA 
transformers. It produces a high capacity transformer, able to 
meet the most critical demands. 

As are most Devine impregnators, this one was designed 
to solve a specific problem and produce a better product. They 
are adaptable to the most modern processes and materials; 
Devine impregnators, for instance, are ideal for processing with 
100 per cent solid epoxy type resins. J. P. Devine engineers 
are happy to help you with electrical processing problems; 
learn how Devine Vacuum Impregnating can benefit you. 


Write for our new Catalog No. 202, “Devine Vacuum Pressure Impregnators” 


Other J. P. Devine Products for the Electrical Industry: 
© Vacuum Drying Equipment © Vulcanizers © Mixers and Blending Equipment 


J. P. DEVINE MFG. CO. 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 
Export Offies: 50 Church St., New York, N.Y. Cable Address: “Brosites” 
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tance between leads and silver-plated 
terminal, less than 0.005 ohm. Vector 
Electronic Co., 1100 Flower St., Glen 
dale, Calif. 
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TEST JACKS 


Miniature TFE-fluorocarbon-insulated 
test point jacks are available in both 
lug and turret styles, each of which is 
offered with reverse mountings. Avail 
able in various colors for color coding 
Standard contact and terminal material 


is gold flash over silver-plated beryl 
lium copper. Probe diameters range 
from 0.041 to 0.090 in. Lengths, 0.120 
to 2.500 in.; pin diameters, 0.040 to 
0.078 in. Cannon Electric Co., 3208 
Humboldt St.. Los Angeles 31 
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REMOVABLE PIN AND 
SOCKET CONTACTS 


Contacts are available in both crimp 
and solder types for many wire sizes 
Typical millivolt drop values for size 
16 wire: 5 amp, 5 millivolt drop; 10 
amp, 15 millivolt drop. Socket contacts 


Se 
— 


machined from Electrical Grade A 
phosphor bronze; pin contacts machined 
from  high-conductivity commercial 
bronze; both have hard gold-alloy 
plating over silver. General Products 
Corp., Union Springs, N.Y. 


Circle 535 on postcard at end of book 
HERMETIC RECEPTACLES 


Extensive line of hermetically sealed 
connectors (DH02 series) using MS 
(AN) type pin arrangements has been 
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NOW A New Design Concept 


in Multi-Circuit Program Control 


Multi-Circuit 


TIMERS === 


Master programming dials control operation of all circuits and 
sequencing relationship bet ween circuits in the cycle. Adjustments 
are easily made on the face of the panel. As many as 48 “‘on” and 
“off” operations can be made on any one circuit without disturb- 
ing operation of other circuits. Single heavy-duty motor drives 
entire unit to assure full synchronization of operations and dials. 


Zenith Multi-Circuit Cycle Timers 
are available in models and types for all 
timing, mixing, compounding, processing 
and similar operations. They can be sup- 
plied in any time cycle and any number 
of switches 


Request details on the Zenith Master 
Programmer and other multi-circuit 


timers. Write on company letterhead for 


complete 64-page catalog describing automatic transfer and re- 
mote control switches, magnetic contactors, program clocks and 
timing controls 


See Classified Directory for Name of Factory Representative 


152 WEST WALTON STREET + CHICAGO 10, ILLINOIS 
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Other ovens 
from $121.50 up, 


TP 


GRIEVE-HENDRY COMPANY. Inc. 
1331 WN. Elston Ave., Chicago 22, Illinois 
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V1 Pee Tat 

get substantial size 

reduction and built-in 
arc quenching with 


U.S. Patent No. 2,768,264 


MOLDINGS 


Size reductions that pay off 
in costs and design flexibil- 
ity—with ROSITE moldings! 
The size of current inter- 
rupting devices can usually 
be reduced with assistance 
in arc-quenching provided 
from the new ROSITE 
compounds. Non-tracking 
ROSITE permits working 
close to arcs without fear 
of tracking and makes for 
more compact designs. 
Find out today about these 
ROSITE advantages. Send 
your drawings, let us study 
your problem and quote. 


CHECK 

THESE FEATURES 

®@ Hot or cold molded 

@ Non-tracking 

@ Arc quenching 

@ Dimensionally stable 

@ Heat resistant 

@ Economical 


CciRcuit 
BREAKER 
ARC CHUTES 


CONTACTOR 
HOOD 


SEND FOR 


te 


BULLETIN 


Details on hot or cold molded 
ROSITE. Over 50 moldings illus. 
trated. Pictures of our molding facil- 
ities. Get your copy today. 


OPER I IN RTL AS EE EE FS A 


ROSTONE 
CORPORATION 


Engineers and Custom Molders 
2405 S$. Concord Road, Lafayette, Indiana 
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New Chassis-Trak Utility Slides 
Support 15 Times Their Own Weight 


Three Models—TILT, TILT-DETENT, and NON-TILT 


With the introduction of the C-230 
Utility Slide, Chassis-Trak can now 
offer a complete line of electronic cab- 
inet slides in a capacity range from 50 
to 275 Ibs. The new Utility Slide can 
be used in any standard rack and in 
any type of mobile or stationary instal 
lation where the chassis load does not 
exceed 100 Ibs. 

Chassis-Trak’s famous “pencil thin” 
design is an outstanding advantage of 
the new C-230. A pair of these fully- 
extendable slides ie up only .620” of 
usable chassis space—far less than any 
other slides of equal capacity. 

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then 
coated with Peasiebe 75. This is a 
bonded film of molybdenum disulfide 
which provides permanent dry lubri- 
cation and protects the metal against 
solvents, acids and corrosion. 


Chassis-Trak C-230 slides are avail- 
able in seven lengths—12” to 24”—and 
in a choice of tilt, tilt-detent or non-tilt 
models. The detent model locks in 
three positions—90° up, horizontal, 
and 90° down—for convenience in 
servicing tube and circuitry sections. 

For complete details and specifica- 
tions on the new C-230 Utility Slide 
request Engineering Data Sheet 1600 


E. 


for further information, contact 
525 South Webster Avenue, Indianapolis, Indiana 
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developed. All applicable specifications 
of MIL-C-5015 and all sealing specifi- 
cations of MIL-C-8484 are met or ex- 
ceeded. Shell sizes for OSL through 
32MS available to mate with MS and 
MS-E plugs. The Deutsch Co., Elec- 
tronic Components Div., Banning, Calif. 
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MINIATURE R-F 
CONNECTORS 


Red Line series, half the weight and 
size of standard TNC connectors, is 
designed for new MIL-type subminia- 


ture coaxial cable. Metal-to-metal cable 
clamping method eliminates combing 
out of cable braid. Gremar Manufactur 
ing Co., Inc., North Ave., Wakefield, 
Mass. 
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COAXIAL CABLE 
CONNECTORS 

TPS connectors are a UG series design- 
ed to replace the standard BNC series 
on RG 58 C/U cable. TPS is about 
smaller and lighter than BNC series 


and features three-pin lock which min- 
imizes rocking of mating pair and elim- 
inates electrical discontinuity due to 
vibration and shock. Full line of fittings 
available. Dage Electric Co., Inc., 67 
No. Second St., Beech Grove, Ind. 
Circle 538 on postcard at end of book 


EXPLOSION-PROOF 
RECEPTACLE 


Pendant-type explosion-proof recep- 
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HERE’S WHY CENTRICORES ARE 
PROBABLY THE MOST CONSISTENTLY 
UNIFORM CORES YOU CAN BUY: 


The exceptional uniformity you get in tape-wound Centri- 
cores is not easy to come by. It’s the result of painstaking 
precision at every stage of the manufacturing process 

and, in fact, before manufacturing. Three principal 
factors help produce Centricore uniformity: 


Careful classification of materials—Raw alloys are first 
““pedigreed’’—meticulously selected, then tested for some 
14 parameters, and classified by magnetic properties. 
We're the largest buyer of nickel alloy magnetic materials 
in the world...which permits us to choose material 
for Centricores from an unusually wide distribution of 
magnetic properties. 


Special winding machines—We build our own machines, 
to die-making tolerances, for winding magnetic alloy tape 
into cores. We also build our own machines for applying 
insulating coating to the tape. These machines give us 
far greater uniformity in dimensions, insulation and ulti- 
mate performance of Centricores. 
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Closely-controlled annealing — Annealing—perhaps the 
most critical phase of the core-making process—is done 
under precisely regulated atmospheric and temperature 
stabilized conditions to hold Centricore magnetic perform- 
ance to uniformly high levels. 


Exceptional uniformity from core to core and lot to lot 
is further assured with Super Squaremu “79”, a new 
high-performance alloy we’ ve developed. It has outstand- 
ing magnetic qualities and is remarkably uniform in 
squareness, thermal stability and gain. Super Squaremu 
“79” offers an effective solution to problems of variation 


in magnetic performance. 
WRITE FOR BULLETIN C-3 


MATERIAL THICKNESS 


HIGH NICKEL 


Hymu 80 
Squaremu 79 
Super Squaremu 79 


LOW NICKEL 
Squaremu 49 
Carpenter 49 


GRAIN-ORIENTED SILICON 
Crystaligned 
Microsil 


*Special sizes, shapes and thicknesses quoted on request. 


MAGNETIC METALS COMPANY 
Hayes Avenve at 21st Street, Camden 1, N.J. 


_ transformer laminations * motor laminations + tape-wound cores 
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Barber-Colman motors offer 


wide range of power and 


speeds, plus long-life quality 
that adds extra product 
value, extra product economy 


THE MARK OF QUALITY 


BARBER 
aE 


LOW COST 

HIGH STARTING TORQUE 

QUIET RUNNING 

LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
PRECISION-HOBBED GEARS 

QUALITY GUARANTEED 


a-c small motors 


Wherever the application calls for a 
highly dependable small motor with un 
usual power or speed requirements (and 
all at low cost), you'll most likely find 
the answer at Barber-Colman. Geared 
types feature torques up to 300 Ib-in 
with speed ranges from 1/6 revolutions 
per hour up to 1500 rpm. Nongeared 
models are rated up to 1/20 hp at 2900 
rpm. All are built to high-quality 
standards for long, trouble-free 
service that eliminates bothersome costly 
Yet your 
cost per motor is surprisingly low. 


maintenance of your product 


WRITE FOR WEW QUICK REFERENCE FILE 


on the complete line of Barber-Colman a-c small 
motors unidirectional 
Up to 1/20 hp. With or without reduction gearing 

open or enclosed types. Stator and rotor sets 
also available. Free engineering service 


reversible, synchronous 


BARBER-COLMAN COMPANY 
Dept. J, 1203 Rock Street, Rockford, Illinois 
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tacle includes a dead-end contact fea- 
ture. All arcing is confined within plug 
combustion chamber of dead-end recep- 
tacle. Rated at 20 amp, 1 hp, 115 or 
230 volts, 60 cps a-c, single phase and 
2-wire, 3-pole circuit. Appleton Electric 
Co., 1701 W. Wellington Ave., Chicago 
13. 

Circle 539 on postcard at end of book 


STEPPING MOTOR 


Bi-directional motors provide 200 steps 
per revolution with 40 in.-oz applied 
load. Features positive starting, step- 


ping, and stopping response at pulse 


frequen les up to 300 pulses per se 
D-C power input to step motor is 40 
volts at 10 amp. Voltage range of input 
control pulse is 6 to 100 volts. Farnham 
Div., Wiesner-Rapp Co., Inc., 1600 Sen- 
eca St., Buffalo 10, N.Y. 

Circle 540 on postcard at end of book 


UNIDIRECTIONAL 
STEPPING MOTOR 
Motor’s 


housed, permanently lubricated and has 


mechanism is protectively 


a magnetic anti-overcoast. Mepping rate 


vibration, 10 to 2000 
eps; shock, 100 g for 6. millisec, 
*1 millisec; relative humidity, 95 per 
cent; operating temperature, 55 to 
+-120 C; altitude, 100,000 ft. Thirty 
models available with or without detent 
in 8, 10, 12, 18, 20 and 24 steps per 
revolution. Ledex Inc., 123 Webster 
St.. Dayton 2, Ohio 

Circle 541 on postcard at end of book 


15 to 25 per sec; 


WOUND-ROTOR MOTORS 
NEMA 


standards have frame sizes of 213 to 
326U. Features are a substantial re- 
duction in both size and weight, low 


Redesigned motors to meet 
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rotor inertia for greater response and 
Class B insulation system for protection 
against degradation. Louis Allis Co., 
427 E. Stewart St., Milwaukee 1, Wis 

Circle 542 on postcard at end of book 


HEAT-RESISTANT 
SEALED MOTOR 


Direct-drive with shaft 
temperature up to 2100 F under pres 


unit operates 
sure, vacuum and high ambient tem 


perature conditions. Cooled by water, 


oil or other liquid, motor is hermetic- 
ally sealed. Lubrication during manu 
facture lasts for life of motor. Units 
available from ¥% to 40 hp in standard 
speeds 


100 E 


50- or 60-cps induction-motor 

Kaybee Engineering Co., Inc., 

Quincy St., Westmont, Ill 
Circle 543 on postcard at end of book 


SYNCHRO 
TRANSMITTER UNITS 


Series PX-1 units supply linear or an- 
gular position information to a remote 
from 
vices such as industrial control systems 
and Standard 
two-speed unit has one synchro geared 


location electromechanical de 


automatic machinery. 


OCTOBER 1960 


| Barber-Colman 1-1/4” dia. 
FYLM permanent magnet 


motors feature very low ripple, 


constant brush pressure 


over entire motor life... 


BARBER 
aE 


VOLTAGES FROME V d-c 
TO 115 V d-c 


WITHSTAND AIRCRAFT AND 
MISSILE AMBIENTS 


CONSTANT BRUSH PRESSURE 
LARGE RUGGED BEARINGS 


14-BAR COMMUTATOR AND 
14-COIL ARMATURE 


STABILIZED MAGNETS 


FYLM with planetary gearhead 


d-c small motors 


Type FYLM d-c motors are available 
in three standard frame lengths .. . 
with standard or special mountings for 
interchangeability with other motors. 
Radio noise filters, gearheads, governors, 
blowers, other special features also avail- 
able. Normal ambient temperature range 

65° to 200°F (can be designed for 

100°F or 400°F). Rated output, 10 
mhp continuous to 35 mhp intermittent. 
Rated torque, .05 Ib-in. to.16 Ib-in. Shaft 
diameter 3/16”. Motor diameter, 1.25” 
. . . length 1.77” to 2.40". Weight, .26 
lb to .43 Ib. Used as a tachometer gen- 
erator, FYLM design produces up to 12 
volts per 1000 rpm. 


WRITE FOR NEW QUICK REFERENCE FILE 
on the complete line of Barber-Colman electrical 
components. Includes detailed specifications on 
a-c and d-c motors, tach generators, blowers, gear- 
heads, relays 


BARBER-COLMAN COMPANY 


Dept 


1803 Rock Street, Rockford, Iilinois 
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ghting Reliability! 


MICRO-PROCESSED 
+a DAMME: 


"Y SPRINGS 


Exclusive Design 
Advantages 


|-S micro-processed beryilium 
copper springs, designed into 
control devices, relays. cir- 

cuit breakers, etc., result in 
improved performance and 

lower cost. Their high degree 

of uniformity eliminates the 
necessity of hand adjustment 
during assembly and is your 
guarantee of uniform performance 


important Electrical 
Advantages 

1-S micro-processed 

beryllium copper springs 

receive laboratory-proven 

heat treatment, therefore 

they can operate at higher 
temperatures and carry rnore 
current with less temperature rise. 


THE Ideal SPRING MATERIAL 


Beryllium copper is an ideal spring material because of its natural 
inherent characteristics. It is non-magnetic, has the corrosion resist- 
ance of pure copper, high electrical conductivity, high wear resistance 
and a high endurance life. The temperature used to develop spring 
temper also serves to relieve internal stresses remaining from cold 
work. The ability to conform to jigs and holding fixtures during heat- 
treatment makes it particularly well suited for our specially designed, 
patented machines. The wire is placed upon the mandrel in an exact- 
ing manner, strictly in accordance with the engineered design. The 
springs are set to this design by heat-treatment while they are still on 
the mandrel. There is no spring back upon removal from the mandrel 
with the result that the springs are uniform, stable and free from drift. 


CALL OR WRITE FOR THE 1-S CATALOG covering in detail =" _ 


1m SWEETS 


compression springs, flat springs, strip springs, contact cnnneet 
rings, contact strips and screw machine products. otsion Fru 


INSTRUMENT SPECIALTIES CO - INC 
“ICRO- PROCESSED” 


254 BERGEN BLVD LITTLE FALLS, N. J. 


Telephone: CLifford 6-3500 
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1:1 provides non-ambiguous signal, 
while 36:1 synchro provides high-ac- 
curacy signal. System accuracies range 
from 0.05 to 0.01 per cent, depending 
on installation. Units may be modified 
for special applications. Scientific-At 
lanta, Inc., 2162 Piedmont Rd., NE, 
Atlanta 9. 

Circle $44 on postcard at end of book 


D-C TACHOMETER 
GENERATOR 


Model SS-779E-1 weighs less than 144 
oz, has 44-in. overall diam and 3.5 gm 
em® armature inertia. Other principal 
dimensions identical to SAE Size-8 


motors. Linearity, 0.1 per cent. Avail 
able with 3 volts/1000 rpm output, 
with rms ripple below 3 per cent of 
d-c output. Constructed with aluminum 
housing, part-Mylar insulation and 
silver commutator. Servo-Tek Products 


| Co., 1086 Goffle Rd.. Hawthorne, N.J 


Circle 545 on postcard at end of book 


HIGH-TEMPERATURE 
DAMPED SERVO MOTOR 


Inertial damping of Size 11 Model 


9752-03 motor eliminates generator 


amplifier. Manufactured from corrosion 


resistant materials to meet environment 
al MII specs No-load speed, S800 rpm 
torque at stall, 0.60 in.-cz; rated voltage 
115 volts at 400 cps for fixed phase, 
70 volts rms for control phases. Other 
voltages available. John Oster Mig. Co 
Avionic Div., Racine, Wis 


Circle 546 on postcard at end of book 


MOTOR-GEARHEAD- 
POTENTIOMETER MODULE 
Model MGP-11 servo module converts 


an angular position to an electrical 
function signal. Size-11 module has over 
| million-cycle life with 0.046 per cent 
resolution. Unit has output shaft for 
test and checking purposes. Servo motor 
can be replaced with generator. Potenti 
ometer resistance, 10 k ohms 5 per 
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WEAR-FRICTION COMPARISON - 
GENERAL ELECTRIC VS. CONVENTIONAL MOTOR IN EVV 


UNIMAX SWIT¢ 
TYPICAL CONVENTIONAL COMPOSITION BEARING IN 


THIS PRICE CLASS (OREATER SPEED ORNOS LITTLE CATALOGS 


BEARING (BUPPORTS LOAD ON ta @ by 


VOROOYNAMIC FILM) 
RISE IN CURVE AFTER BOORP.™ OVE TO 


COEFFICIENT OF FRICTION 


600 1200 00 2000 2400 28600 3200 3600 
SPEEO IN R.P.M, 


Long life in Wiulized motors results 


from new bearing/design 


Bearing wear in General Electric Uni- bh 
tized motors is greatly reduced as com- 
pared to conventional composition bear- 
ings. This is due to the hydrodynamic 
oil film developed by the G-E lubrica- 
tion system. Thus these motors are ideal 
for refrigeration and other applications 
where long life without maintenance is 
essential. G-E Unitized motors operate at 
sound levels 25% below conventional 
motors, and their starting characteristics 
are excellent even at low temperatures. 
* Trademark of General Electric Co 
G-E shaded-pole Uni 
FREE Write to Section 727-02, | tized erga From 1 
BULLETIN Schenectady 5, N. Y. mhp to 20 mhp, 2 pole 


ELECTRIC 


“ETCO” 
TERMINALS 
CONNECTORS 


For cold crimping, soldering 
or welding to electric wires. 
Produced in continuous form 

and supplied on disposable 
reels. Precise stampings assure ac- 
curate feed and strong, trouble- 
free attachments. Automatic attach- 
ing machines of various 

types, oir or electric. Na- 
tionally represented. A 

fully dependable source 

for your terminaling re- 
quirements. Send for cata- 

log on company letter- 


a UNIMAX SWITCH 


ELECTRIC TERMINAL CORP. 


IVES ROAD, WALLINGFORD. CONNECTICUT 
P.O. Box 2217, Prov. 5, RI. 
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“ A dependable source .. 
for Porcelain, Steatite, 
Refractory and Filter parts 
... that’s the Wisconsin 


cent; linearity; 0.1 per cent; overall 
length, 3% in.; weight, 8 oz; maximum 
recommended load torque, 100 oz.-in.; 
maximum backlash, 30 min for l-oz 
shaft load; no-load input speed, 6700 
rpm; input torque at stall, 0.63 oz-in.; 
temperature range 54 to +125 C 
Stock gear ratios from 5:1 to 2000:1 
available. Guidance Controls Corp 
110 Duffy Ave.. Hicksville, LD. N.Y 

Circle 547 on postcard at end of book 


SERVO POTENTIOMETER 


Over 32 years of uninterrupted 
plant operation has established our 
reputation for dependable service and 
‘kept’ delivery promises. 


When you need ceramic parts of 
great accuracy and toughness — 
turn to Wisconsin Porcelain Co. 
The line includes: 


— Pieces are of consistent 
high quality — furnished with 
very white finish, or glazed in 
various colors. 


STEATITE — Meets your needs where 
low electrical loss, ability to 
withstand electrical shock or low 
water absorption are require- 
ments. 


REFRACTORY — Especially suited to 
applications where great temper- 
ature variation is a factor. 


mureR — Designed to accurately 
filter and control flow of liquids. 


TELL US YOUR REQUIREMENTS — Our 
ceramic engineers will work with 
you in selecting or designing the 
part best suited to your applica- 
tion. 


Serving the Electrical and Electroni¢ 
Industries since 1919 


WISCONSIN PORCELAIN CO. 


5% 
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FOR PUBLIC 


PW eae eV Tee 
and kindred fields, 


JONES 
PLUGS « SOCKETS 


400 
aa ene 


of proven quality! 


Double Contact Area 


Phosphor bronze knife-switch socket contacts engege both 


sides of fict plug contects. 


Socket contects phosphor bronze, codmium picted. Plug 
contocts herd bross, codmium picted. 
bokelite. Plugs and sockets polorized 
crackle enamel. 2, 4, 6, 8, 10, 


mounting. 


Information on complete tine, in Jones Catalog 22. 
Connecting Devices, Plugs, Sockets, Termine! 
Strips. Write 


Electrical 


HowaRD B. JONES DIVISION 
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?-406-CCT 


insulotion molded 
Steel cops with boked 
12 contects. Cop o: pone! 


Failure-rate data in modes of failure 
such as insulation properties, noise and 
sceelerated life at high temperature 
are supplied with potentiometers with 
linearities from 0.08 to 0.5 per cent 
Wiper noise, 50 mv. Sealed case meets 


ed 


breathing-type humidity tests of MII 
STD-202 Method 106. Ambient range 

65 to 200 C. Larger model« avail 
able with up to 37 taps. Available in 
resistances from 100 ohms to 400 k 
ohms, and power rating of 5.25 to 21 
All units derate to 0 

Osborne Electronix 


watts at 25 ¢ 
watts at 200 ¢ 
Sales Corp., 13105 Crenshaw Blvd 
Hawthorne, Calif 

Circle $48 on postcard at end of book 


PULLEY-SPEED 
PNEUMATIC REGULATOR 


Regulator operates from process instru 
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NEW FROM OZALID 


: 
ot ee t 
{ 


wiihiet 4 
*) 


et 


‘ 
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Greater contrast, greater clarity with Ozafax and Ozalid materials for drafting room or office 


New Ozafax semi-dry papers and developers 
now bring Ozalid quality to every Diazo Copy Machine 


From Ozalid—the nation’s leader in dry diazo materials for more than a 
quarter of a century—comes Ozafax, the newest line of top quality semi- 
dry copy materials. Regardless of the make machine you own, you can 
now look to Ozalid as a new source of supply for all your diazo copying 
needs, and look to Ozafax for... 


Better Contrast! A new, advanced diazo coating formulation fastens a 
sharp black image against a clean white background. On the shelf or 
after processing, the bright white appearance of Ozafax papers lasts. 
Broader Line of Colors! Ozafax papers are available in 6 appealing colors 
for more flexible coding. No wider variety of tinted stocks anywhere. 


From every angle—speed, quality or simpiified ordering and inventory 
—Ozafax improves your reproduction operation. Call your local Ozalid 
representative or mail coupon today. 


ED ~a rom ET 


A Division of General Aniline & Film Corp. 
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SEND TODAY FOR FURTHER INFORMATION 


Ozalid, Dept. K-10, Johnson City, N. Y 
Check one: 


Please send information explaining the 
new Ozafax semi-dry diazo materials 
Please have representative call. 


Name 
Firm 
Phone 
Address 


City 





ments in 3- to 15-psi signal range to 
maintain or repeat speeds with signal 
pattern, making process control con- 
tinuous. Available to 25 hp in speed 
ranges 10:1. Lewellen Mfg. Co., Colum- 
bus, Indiana. 

Circle 549 on postcard at end of book 


PRINTED-CIRCUIT 
DRUM COMMUTATORS 


PCL A iS 
HE 
ie: 
AVAILABLE 


commutators are plated with silver, 


gold, nickel/gold, nickel/rhodium to 
3-20 microinch finish on phenolic, epoxy 
glass or solid epoxy bases. Circumferen- 
tial line tolerances for raised or flush 
circuitry can be maintained to + 0.0005 
in.; machined tolerances, +0.001 in. 
Sibley Co... Haddam 3, Conn 

Circle 550 on postcard at end of book 


STANDARD SLIP-RING 
ASSEMBLY 


Slip-ring assembly to handle instrumen- 
tation circuits at extremely low noise 
levels can be furnished with one to 32 


4 E : rings. The 244 in. ID, 34% in. OD unit 
Optimum design for practically any power con- 


trol application from watts to kilowatts! Minia- 

ture, all-semiconductor SCR servo amplifiers” 

developed by General Electronic Control, Inc. 

now make it possible! 

Thousands of different control amplifiers for ap- 

plications requiring tapid, precise proportionate 

control! Individual circuit modules are light, 

small and easy to combine. New Silicon Con- 

trolled Rectifiers (SCR’s) make units versatile, 

efficient. 

Modules meet military shock, vibration and envi- 

ronmental requirements—are particularly suited 

for use in ground support equipment, rockets, 

missiles, telemetry and other 400 cycle applica- 

tions requiring high reliability. 

Typical 60 cycle industrial applications: AC and 

DC motor controls, light and brightness controls, 

temperature controls, welding equipment and 

power supplies. 

For Bulletin 6070 giving advance technical in- m6 features double silver-graphite brushes, 
formation write. wire or : hard coin-silver rings and shielded leads 
phone to G.E.C., Appli A 6|) «6internally grounded. Fabricast, Inc.. 
cation Engineering De- 9835 E. Alpaca St., South El Monte, 
partment. Calif. 


Circle 551 on postcard at end of book 
HIGH-SPEED 


GENERAL ELECTRONIC CONTROL. We. | SE COUPLINGS 


A pan-shaped rubber flexing element 
accommodates angular and _ parallel 
shaft misalignment and end float. For 


(Continued on page 200 
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WE MOLD 


STOCK PARTS . . . Bearings, 
gears, rollers, bushings, 
glides, etc. Hundreds to 
choose from. Write for 
catalog. 

SPECIAL PARTS . . . Molded 
to your specifications from 
our patented, low-cost tool- 
ing. Send print or sample 
for prompt quotation. 

CHANCES ARE your product 
can be enhanced with the 
use of long-wearing, low- 
cost nylon components. 

P. S. We welcome short runs. 


WE MOLD 


DELRIN 


f = 
- ee td 
STA 2 <at> 
= STOCK PARTS . . . Bearings, 
~ gears, rollers, bushings, 
glides, etc. Hundreds to 
choose from. Write for 
catalog. 

SPECIAL PARTS . . . Molded 
to your specifications from 
our patented, low-cost tool- 
ing. Send print or sample 
for prompt quotation. 

CHANCES ARE your product 
can be enhanced with the 
use of long-wearing, low- 
cost Delrin components. 


P. S. We welcome short runs. 


nylomatic corr. nylomatic corp. 


MANUFACTURERS OF MOLDED NYLON MECHANICAL PARTS MANUFACTURERS OF MOLDED DELRIN MECHANICAL PARTS 
3610 WEST TRENTON AVE., MORRISVILLE, PA. 3610 WEST TRENTON AVE., MORRISVILLE, PA. 
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ENERGY 
CONVERSION 
ENGINEERS 


Our Static Inverter Group has an urgent need 
for Electrical Engineers to work on static in- 
verters, converters and frequency changers for 
military, space and commercial applications. 
Men with 4 to 8 years experience wanted with 
design/development type of background in air- 
craft and industrial power supplies and gener- 
ating systems. Must be familiar with as many 
of the following as possible: 


e Switching characteristics of transistors, 
silicon controller rectifiers and four 
layer diodes, transformers, interstage 
and power—Filters, signal level and 
power—Voltage regulators—Polyphase 
circuits — Heat transfer — Packaging — 
Power generating system specifications. 


Challenging opportunity for engineers to do de- 
velopment and project work in static power supplies. 


STARTING SALARY TO $12,000 — MANY 
BENEFITS including desirable New England liv- 
ing, tuition plan, outstanding facilities. Reply in 
confidence to Box #102, E.ecrno-Tecnno.ocy, 
205 E. 42 Street, New York 17, N. Y. 


- os " 


OCTOBER 1960 


D.C.SOLENOIDS 
ae) 318 
APPLICATIONS 


Special designs from service tested components 


Decco D.C. solenoids are specially engineered and 
constructed to meet the requirements of D.C. opera- 
tion e Highly efficient, compact, moisture resistant 
—single-wound or double-wound with internal 
switch—available in a wide range of force character- 
istics and stroke lengths e Decco’s engineers can 
solve your problem with standard or special built 
units e Write for catalog 601. 


2435 Hilton Road «+ Ferndale 20, Mich 
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SIGNIFICANT 


RBM 
FAMILY 


Keeps Air Conditioning 


This is a planned family. Each control is meticulously 
engineered for a special task . . . meets extremes of de- 


pendability . . . and is priced to the needs of volume 
users. RBM’s development of the “parent” control 
led to quick recognition of the air conditioning in- 
dustry’s need for a complete family. Now there is a 
single source for all magnetic air conditioning controls 


WHAT DOES IT MEAN TO YOU? Simply this 
what RBM has done here . . . and in scores of other 
cases ... it can do for you! RBM has the engineering 
staff and the manufacturing facilities to help you with 
any control problem you have. Either one that exists 


OTHER ESSEX ENGINEERED 


Wire and Cable 


A complete line of appliance 
wiring material, radio, tele 
vision and electronic hook-up 
wire, 200° C high temperature 
Sil-X wire, automotive wires 
and cables, and flexible cords 


Essex industrial 

Wire Products. 

Wire and Cable Div. | ~¢ 
Essex Wire Corp SX 
Marion, indiana Seer 9 q 


’ 


L 


Coiled Cords, Cord Sets 


Plastic and rubber power sup 
ply cords. Terminations of ail 
types (molded plastic and 
rubber). Complete line of 
Coiled Cords in HPN. Type SP 
and Types SV, SJ; covering 
full apphance range 


CORDS, LTD 

Wire and Cable Div 
Essex Wire Corp. 
DeKalb. iilinois 


now... or one that is in the development stage. If 
the application can be served by an existing control, 
we will find it. If the application demands a special 
design, we will develop it. RBM, in close cooperation 
with other Essex Divisions, can even help you engi- 
neer a complete control system. 


That’s where RBM can save your time, your nerves 
and your company money... including frequent 
savings in “finished product” cost. 


Consult your local RBM Product Application Engi- 


neer, or send your specifications direct. 


Wy 


Carolina Indust: ial 
Plastics Div = 


Essex Wire Corp 
Mount Airy, North Carolina 


CONTROL COMPONENTS 


Industrial Plastics 


Flexible and rigid vinyl ex 
truded shapes and foam cus 
tom designed and volume 
manufactured to meet your 
exact needs. Now producing 
for a variety of industrial ap- 
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Under Complete Control 


(A) SERIES 129000 SHUNT TYPE RELAY—SPNO, SPNC 
or NO-NC For standard commercial voltages. Other coils 
available for special application. For heater, fan control, general 
circuit switching, etc. Write for bulletin 1010A. 


(B) SERIES 128000 POTENTIAL STARTING RELAYS For 
starting single phase capacitor start compressors. Write for 
bulletin 1010A 


(C) TYPE S-30, S-40 CONTACTORS Rated 30 or 40 amps 
Low cost, small size. Exceeds rigid requirements of industry's 
largest users. Write for bulletin C-10 


(D) TYPE 75 POWER RELAY Low cost, dependable. Han- 
dies up to to 6000 W. at 240 V., resistive load per pole. Com- 
pressor rating 2 poles, 18 amp. running, 90 amp. locked rotor 
at 250 volts. Write for bulletin 1030. 


(E) TYPE 80 CONTROLLER Specific design for nominal 
3 HP or 3-ton single phase compressors. Write for bulletin C-11. 


(F) TYPE C-30, C-40, C-SO CONTACTORS 2-3-4 pole 30 amp.—600 
volts. 2-3-4 pole 40 amp. — 230 volts. 2 pole 50 amp.— 230 volts. Same mount- 
ing holes and coils for ali ratings and pole forms. Write for bulletin 1070. 


(G) GENERAL PURPOSE RELAY 98000 Series AC or DC. Permits engi- 
neering short cuts lowering “finished product” cost. Write for bulletin 1060. 


For a complete set of bulletins on ail of these controls write today. 


HHH RBM Controls Division 


Essex Wire Corporation, Logansport, Indiana 
Factories located at North Manchester and Logansport, indiana 
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speeds up to 5230 rpm. “Para-flex” 
couplings are offered in sizes to fit the 
bolt circles of most standard SAE fly- 
wheels up to 1914 in. diam and delivers 
up to 47 hp per 100 rpm. Dodge Manu- 
facturing Corp., Mishawaka, Ind. 
Circle 552 on postcard at end of book 


HIGH-TEMPERATURE 


FLEXIBLE SHAFT COUPLINGS 
Couplings of 5/16-in. diam with cores 

| of high-carbon wire can operate at 

.| HYSOL | temperatures to 300 F,. Ends can have 


™ aetna 


SAA 





IMMEDIATE FLAME-OUT 
Le EPOXY 


CASTING SYSTEM 


squares formed for drive engagement 
and allow for slight changes in length 
due to varying torques. Fittings can 
also be attached to ends. Stow Mfg 
Co., 9 Shear St., Binghamton, N. Y 
Circle 553 on postcard at end of book 


VARIABLE-PITCH PULLEYS 
HYSOL 15-032, a new flame-retardant epoxy casting Expanded VP series variable-pitch pul- 
system, snuffs out immediately upon removal from leys include sizes for 14 in., 4 in. and 

% in top-width V-belts for fhp drive 
Bunsen burner flame. assemblies and control equipment. Ad- 
justable speed control within 2.45 to 1 


Non-burning by ASTM D635-56T standards, and self- Three eines are standard from 1% in. to 
extinguishing according to MIL-l-16923C and 3%4 in. OD, with a choice of shaft bores 
MIL-T-27A tests, HYSOL 15-032 is flexible to 

withstand thermal shock. 


HYSOL 15-032 Flame-Out Epoxy Casting System is 
recommended for use on transformers and other 
electrical/electronic components requiring its unique 
characteristics. 


For complete information write for 
Bulletin E-215. 


SS'VE », 


4 


HH’ ®t ° from 1% in. to % in. Spring-loaded self- 
y 4 CORPORATION « OLEAN, NEW YORK lubricating pulleys molded of nylon-im- 
f ‘ I 


rly Houghton Laboratories, Inc. 


ae z pregnated fiber glass with 65 per cent 
% : £ HYSOL OF CALIFORNIA HYSOL (CANADA) LTD. the strength of cast iron. Standard mod- 


« Los Angeles, California Toronto, Ontario 


°, 
a ad (Continued on page 293) 
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OVERLOAD 
RELAYS 


GENERAL- 
PURPOSE 


CONTACTORS 


GENERAL- 
PURPOSE 
RELAYS 


GENERAL ELECTRIC DC CONTACTORS AND RELAYS 


Over 100 devices — available when you need them 


Now ... you don't need to wait for 
delivery of a particular contactor or 
relay ... or to carry a large inventory 
... just to be sure you have the correct 
device for a job. With General Elec- 
tric’s new d-c contactors and relays— 
featuring “building-block” design—you 
assemble the device you want 
when you need it... from standard 
components right in your own plant. 
More than a hundred different devices 
can be assembled from a parts stock of 


as few as a dozen General Electric 
“building-block” components! 

This amazing versatility means im- 
mediate availability of any General 
Electric device. A “universal” contact 
block is the building unit for all types 
of contactors and relays. Choice of the 
frame-and-coil assembly and standard 
assembly kit permits variation in de- 
vices to meet your specific application. 

Three types of contactors and six 
types of relays—for general purpose, 


mill-duty, overload and timing applica- 
tions—can be assembled using this 
unique, cost-saving approach. 


NEED OTHER COMPONENTS? 

General Electric also has complete 
lines of plate rheostats and resistors 
for all your control needs. For more 
information, contact your General Elec- 
tric Sales Representative or mail this 
coupon today! Industry Control De- 
partment, Salem, Virginia. 


GENERAL @® ELECTRIC 


Resistors—vitreous-enameled and wire- and 
ribbon-wound types from 5 to 1210 watts. 
Fixed, slide-wire, or tapped types available. 


“a. 


v 


. 


Plate-type ' 
pletely encased in metal to give longer and 
more reliable service for any application. 


rheostots—windings are com- 


ee 


| 
! 
| 
| 
! 
! 
! 
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To: Section B784-26 
General Electric Co. 
Schenectady 5, N. Y. 


Please send the following bulletins: 
0 GEA-6621—D-c contactors and relays 
0 GEA-6592—Resistors 
0 GEA-4474—Plate-type field rheostats 
Nome___ meoneiiidipeiddliitiih testis 
COTE IU cece cecncnreeierienontnenes ‘i 
Address___. 
City 
State 


Circle 274 on Inquiry Card 





Cut mounting costs 


If you mount motor capacitors with 
the PL or PLA Cap and HB Bracket, 
you may be able to save money by 
punching the chassis of your appli- 
ance to simulate the HB bracket. It’s 
very effective in off-motor mounting. 
Consult your Mallory capacitor spe- 
cialist—he’ll be glad to help you 
work out the details. 


Free customizing 


On production orders for 1000 or 
more Mallory motor capacitors, we'll 
identify each unit with your com- 
pany name or logotype ... at no 
extra charge. And if this is an item 
you purchase regularly, we'll custom- 
ize all orders—regardless of quantity. 


Problem solvers 


Don’t let 


problems deadlock your engineering 


design and application 
staff. Mallory capacitor engineers will 
be glad to help you find the solutions 

. and it may help you improve your 
product, lower your costs. Write, wire 


or phone today. 
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see MALLORY for 
prompt delivery of 
motor start capacitors 


When you need motor start electroly- 
tic capacitors in a hurry—whether 
it’s because of a production change, 


or because someone forgot place 
the order—you can get the fastest 
delivery from Mallory. Our modern, 
streamlined assembly methods en- 
able us to perform near miracles on 
these emergency shipments. Large or 
small, your urgently needed order 
will get the same speedy attention. 
Normal delivery time is two weeks; 
emergency orders often can be filled 
in three days, and when a miracle is 
needed, we've even shipped in 
24 hours. 


Circle 275 on Inquiry Cord 


And you'll get the same whiz-bang 
performance from Mallory motor start 
capacitors whether yours is a normal- 
time delivery or a ‘needed-yester- 
day” order. Their reliability is always 
tops. Their performance-proved failure 
rate in warranty 18 less than 0.1‘ 

the result of over 25 years’ deve elop- 
ment and manufacturing experience, 
coupled with quality control labora- 
tory testing and 100% production- 
line testing during rolling, as well as 
before and after encasing. 


Mallory motor start capacitors will 
exhibit long life and dependability, 
eliminate warranty period replace- 
ment costs. 
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els are VP-10, 1% in. OD; VP-15, 2% 
in. OD; VP-20, 3% in. OD. Rampe 
Mfg. Co. 14915 Woodworth Ave., Cleve- 
land 10, Ohio. 
Circle 554 on postcard at end of book 


MINIATURE 
MAGNETIC CLUTCH 


Cubic-inch Model 162, with 10 in.-oz 
minimum torque at speeds to 1000 rpm. 
is available at 6, 12, 28 and 90 volts, 


2.5 watts. Stainless ball bearings keep 


torque loss below 0.3 in.-oz. Field shap- 
ing and steel-to-brass clutch face enable 
clutch to deliver up to 15 in.-oz to load 
at 2.5 watts. Unit operates to 85 C and 
in high humidity, shock and air-pressure 
conditions. Ultronix, Inc., 111 E. 20 
Ave., San Mateo, Calif. 

Circle 555 on postcard at end of book 


SERVO-MOUNTING CLAMPS 


Typical synchro clamps, available in 


yun 
all 


200 sizes and shapes, are illustrated 


s 


~ 


ADLAKE MERCURY DISPLACEMENT RELAYS 


CN 


Material is stainless steel and alumi 
num. Vemaline Products Co., Box 1, 
Franklin Lakes, N. J. 

Circle 556 on postcard at end of book 


ELECTROMAGNETIC 
SPEED CHANGER 


Speed changer with magnetic clutch 
has input and output shafts available at 
same or opposite ends. Unit meets MII 

E-5272A; operates on 115 volts d-c, 5 
watts. Two speed ratios available, out- 


y 


Where lives or reputations are at stake, 
depend on the mercury-to-mercury con- 
tacts of Adlake. The Adams & Westlake 
Company, Dept. K-8210 Elkhart, Indiana. 


put shaft always rotating in the same 
direction. At 1:1, unit transmits 70 in.- 
oz min at output shaft; at 9:1, trans- 
mits 30 in.-oz min. In either position, 
maximum torque transmitted limited to 
85 in.-oz by built-in slip-clutch. Torque 
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M™ Rac 


miniature rack & panel connectors 


with POKEHOME contacts 


Solve space, weight and size problems with AMPHENOL’s new 
Min Rac 17 connectors, true miniatures with the “Big Plus” 
advantage of Poke Home contacts! Min Rac 17’s are rack & panel 
connectors ideally suited for today’s compact chassis designs, 
connectors half the size and weight of standards, delivering 
full size efficiency. And with the patented Poke Home contact 
concept (U.S. Pat. 2,419,018), Min Rac 17’s are easily, 
reliably assembled—contacts are crimped or soldered outside 
the connector body, then “poked home” for assembly. 

Min Rac 17’s are available in 9, 15, 25, 37 and 50 contacts 
in rack & panel, cable-to-chassis and cable-to-cable designs. 
Contacts are gold plated. Shells may be ordered with 


clear chromate or gold iridite finish. 


These remarkable connectors 
are available now—write 
for full catalog! 


i specifications same for forward and 
reverse; maximum backlash, 30 min. 
i Unit has 1000-hr minimum life. Orbit 
Instrument Corp., 131 Eileen Way, 
Syosset, L. 1, N. Y. 

Circle 557 on postcard af end of book 


MULTIPLE-SPEED 
TRANSMISSION UNITS 


| Multiple-speed transmission units con- 
sist of two or more gear trains with fric- 
tion disk electromagnetic clutches in- 
serted between them. Desired speed 
ratios are produced by energizing one or 
|more clutches to couple gear trains in 


appropriate combinations. Transmission 
| units of 2, 4, 15 and 30 speeds are cur- 
rently available, with max output tor- 
|ques ranging from 64 to 225 oz-in. 
Typical assembly illustrated. Auto- 
i tronics, Inc., Box 208, Florissant, Mo. 

Circle 558 on postcard at end of book 


LOW-TORQUE 
MINIATURE COUNTER 


|Developed for aircraft instruments, 
counter maintains torque below 0.1 in.- 
oz at room temperature and does not 
exceed 0.25 in.oz between —55 and 


+100 C. Unit runs indefinitely at 350 
rpm and for shorter periods at 600 rpm. 


| Drum dimensions, 0.672 in. diam and 
|0.187 in. high. Up to five rotating 
drums may be used while maintaining 
desired torque and numeral alignment. 
Melland Gear & Instrument Co., Inc., 
| 88-06 Van Wyck Expressway, Jamaica 
118, N. Y. 
Circle 559 on postcard at end of book 
(Continued on page 296) 
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New G-E silicone varnish helps make 
QHT transformers up to 50% smaller, 


35% lighter 


SR-220 HAS SUPERIOR THERMAL STABILITY. CURES AT 150°C 


New SR-220 silicone varnish with outstanding high temperature resistance and low cure temperatures offers new 
opportunities to improve equipment designs. General Electric's Specialty Transformer Dept. took full advan- 
tage of this design flexibility to reduce size, weight and noise level of new QHT dry-type transformers. SR-220 
cures in same ovens used for organic varnishes, has excellent shelf life and tank stability. Whether the design 
objective is more compact equipment, increased life, or extra overload capacity, SR-220 will meet the task. 

Thermal stability superior to conven- 
NEW LOw TEMPERATURE CURING VARNISH 4 tional silicone varnishes combined Y 
with low-temperature (150°C) cure Y 
increases application range of sili- 
ELECTING STRENGTH VEROUS WHAT Aone. cone varnish. SR-220 offers im- 
ASTM 0-1346, GLASS TAPES provements for all classes of 
insulation — without requiring in- 
vestment in high-temperature ovens. 
New G-E Integral Distribution Cen- 
Sermons wuseos, ters also benefit from design flexi- 
bility afforded by silicone insulation: 
new compact design reduces floor 
space requirements 30%. Unit com- 
bines QHT transformer with all 
hematin teconlinane equipment for switching and pro- 
OAYS AGING AT 250°C tection of incoming line and out- 

going feeders. 
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Silicone Products Department, Waterford, New York 


Write to Section K1029 for free data: 
“Silicones for Electrical Insulation.” 
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4a in the December Issue . .. 


A SPECIAL FEATURE SECTION ON 
ELECTRICAL INSULATION 


Tne demanding nature of todav’s technology 
makes it imperative that electrical and electronic 
products meet increasingly severe performance re- 
quirements and environmental conditions. Reliable 
performance of equipment and systems hinges on the 
reliability of electrical insulation 


That's a challenge electrical insulation is well pre- 
pared to meet. Step by step, electrical insulation in 
its own development is making possible the techno- 
logical advances in the more publicized fields of sys- 
tems, circuits and controls 


To tell this BIG story—as it needs to be told—E.ectrno- 
TECHNOLOGY is setting aside its December issue for a 


special 


ELECTRICAL INSULATION 
FEATURE SECTION 


The 70-page section, wholly devoted to insulation 
research and application, will give design engineers 
a new perspective on electrical insulation’s dynamic 
role in today’s technology. It will tell—authoritatively 
and dramatically—the capabilities of basic insulating 
and dielectric materials in terms of specific product 
applications. It will point up developments-on-the-way 
in newer materials now in the laboratories or in the 
testing stage. 


The timing is perfect! The December Execrno- 
Tecuno.ocy will be published right at the opening 
of the National Conference on the Application of Elec- 
trical Insulation. It will interpret this important meet- 
ing, as well as the related Conference on Electrical 
Insulation sponsored by the National Academy of 
Sciences—National Research Council 


In short . . . December Evecrro-TecHno.tocy will 
bring you the full and interpretive report on 1960 
progress in basic research and application of electrical 
insulation. Watch for it! 


DUAL-BANK 
DECADE COUNTER 


Shutter of Model Y counter gives plus 
and minus, north and south readings. 
At zero position, both shutters are open. 
When counter is driven forward, shut 


ter covers minus bank of figures, while 
plus bank adds and minus bank sub- 
tracts. Unit available in right- or left- 
hand drive, clockwise or counter-clock- 
wise rotation and with three, four or 
five digits. The aluminum-frame, nylon- 
wheel counter operates trom 55 C to 
+85 C. Durant Manufacturing Co.., 
1962-IS North Buffum St.. Milwaukee 
l. Wis 

Circle $60 on postcard at end of book 


TEMPERATURE INDICATORS 


Temperature-sensitive materials, Ther- 
mocron crayons and Detecto-Temp 
paints, indicate temperature of any hot 
surface by distinct changes in color. 
Eighteen crayons provide measurements 
from 150 to 1240 F.; thirty-six paints 
extend from 104 to 2462 F. Materials 
are particularly effective in areas where 
conventional instrumentation is dif- 
ficult. Air Reduction Sales Co., 150 E 
$2 St.. New York 17 

Circle 561 on postcard at end of book 


QUICK-RELEASE FASTENER 


Miniature '4-turn fastener, 12F Series 
is designed as a quick-operating fas 
tener for light covers, small sub-as 
semblies and miniature “black boxes.” 


High clamping force is provided with 
an ultimate tension-shear rating of 150 
Ib in minimum envelope dimensions of 
0.285 in. wide, 0.680 in. long, 0.102 in. 
high. Available in both carbon and 
corrosion-resistant steels. Standard cad- 
mium plate on carbon steel in accord 
ance with QQ-P-416, Class 2, Type II. 
Stainless finish is plain, passivated per 
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IT STILL WORKS... 


... BUT TODAY'S PRODUCT 
TURNS OUT MORE VOLUME — IN LESS TIME! 


And so it is with T&8B-KENT 


Progress in the design of wire terminating methods 
has brought forth the revolutionary new WIRE-DIAL* 
high-speed attaching machine — capable of installing 
as many as 300 different terminals on wires from #10 
to #22 with the turn of a dial . . . without conver- 
sions, changeovers or set-up time. This advanced ma- 
chine, together with the T&B-Kent “Family of Termi- 


nals” Concept, —- for the most efficient — most 


economical met 


od of high-speed production installa- 


tion of wire terminals yet devised. 


THE KENT MANUFACTURING CORP. 
188 Needham Street, Newton 64, Massachusetts 


A SUBSIDIARY OF THE THOMAS & BETTS CO., INCORPORATED, ELIZABETH, N. J, 


IN CANADA: THOMAS & BETTS LTD., MONTREAL 


ne SOLD COAST TO COAST EXCLUSIVELY BY YOUR T&B DISTRIBUTOR 
Circle 279 on Inquiry Card 


MANUFACTURERS REPRESENTATIVES 
WANTED 
for high temperature magnet wire 


Unusual opportunity for sales representation in 
some territories of the U.S.A. to handle a full 
line of high temperature magnet wire produced 
by a leading manufacturer. Please provide in 
formation on the territories which you cover 
as well as other product lines handled. 


Box 100, ELECTRO-TECHNOLOGY 
205 East 42nd St.. New York 17, N.Y. 


“GLASS TIPPED’ SET SCREWS 


GLASS—Hard, Dense, 
Smooth, Concentric, 
Hemispherical 


SCREW—Stainless Steel, 


<7 Slotted, Ground Threads, 


IN STOCK— Sizes 4, 6, 8 N.F. G NC. 


4-48 x 7/32, 5/16, 3/8, 7/16 G 1/2 
6-40 x 9/32, 3/8 G 1/2 
8-32 x 5/16, 1/2 G 7/8 
HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 
Specializing in. Glass Coated Metals for Electrical Insulation 
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ENGLER HOUR METER 


For Efficient Machine Performance 
@ Insures Planned Maintenance 
@ Checks Down Time 

@ Registers Operating Time 
er Hour hoter pr = tr zat 
totaling 
king of operating 
guarar tee con 
f pay, renta 
ruments, not 
Mm engineered and 

ervice. Available 
powered roiling stock 


amen? business ma 


PROBUSTOLOS 
Electrically records in chart form off and on time 
ny machine or process. Shows on chart exactly 
hen down time occurred and for how long. Access 
ndow enables operator write in the reason 


toppage 


precision instrument records in chart form 

en and how fast any machine operated or how 
t took fe mpiete process 

t pS a running record of 

has been operating at 

total time 

r use on u machines and can also be 

ed to record vehicle operation, 


=ngelier 
Dept. EM-10 instrument Co. 


250 Culver Avenue, Jersey City, N. J. Phone HEnderson 4-6500 
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HERE’S WHY VELOCITY DAMP- 
ING IMPROVES SERVOSYSTEM 
RELIABILITY... The velocity-damp 
servomotor is a replacement for compli- 
cated rate-feedback loops—it achieves 
stability by simple and self-contained 
electromagnetic means. 

For example, the secxman® Size 8 
Velocity-Damp Servomotor offers up to 
25 dyne-cm.-sec./rad. additional damp- 
ing, and can replace damping genera- 
tors in 80% of present applications. In 
addition to elimination of phase shift 
and null voltage problems inherent in 
rate feedback systems, the velocity- 
damp unit is shorter, lighter, and con- 
sumes less power. 

In seckman Velocity-Damp Servo- 
motors, damping is a direct function of 
velocity. A low-inertia drag cup, inte- 
gral with the motor shaft rotates in a 
magnetic field generated by a pair of 
permanent magnets. Polarity of one 
magnet is variable with respect to the 
other, so that total force due to induced 
currents may be externally adjusted 
during operation. 

In addition to Size 8 Velocity-Damp 
Servomotors, seckman offers similar 
units in their Size 11, 15 and 18 lines. 

For a complete delineation of servo- 
motor damping theory ...including 
transfer functions to help you deter- 
mine damping needs...write for our 
Servo Brief entitled, “Electromagnetic 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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Oivee oss ercos 


MIL-S-5002. Camloc Fastener Corpora- 
tion, 53 Spring Valley Rd., Paramus, 


Dis Be 
Circle 562 on postcard at end of book 


MACHINE-CONTROL 
CONSOLE CABINET 


Model 14 housing, 50x24x23 in., mounts 
electrical and electronic machine con- 
trols for industrial use. Oil and dust- 
tight 14gage steel unit has welded 
seams. Doors and panels have neoprene 


gaskets. Hinged removable panel on 
sloping top can hold control buttons, 


switches and meters. Two 24x18 in. 
sub-panels, stationary or swing-out, can 
be installed inside console, or vertical 
racks for electronic chassis mounting 
may be used instead. Rear door pro 
vides added access. Optional writing 
desk can be attached. Hoffman En- 
gineering Corp., Anoka, Minn. 

Circle 563 on postcard at end of book 


CHASSIS SLIDE 


Model C-230 slide is usable in a stand- 
ard rack where chassis load does not 
exceed 100 lb. Dry-film-lubricated 
slides withstand pressure loading of 
more than 50,000 psi at 25 fpm. Avail- 
able in seven lengths from 12 to 24 in. 
Detent model locks in three positions 

(Continued on page 300) 
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This is a culaway « 


tator wound with Epoxy magnet wire. All-f poxy—an ideal combination for severe applications. 


EPOXY MAGNET WIRE...IDEAL FOR 


ENCAPSULATED SYSTEMS UP TO 130°C 


\ magnet wire must offer you a// these important advantages 
shen used in encapsulated systems 

The wire must have outstanding compatibility a require- 
ment for good bond strength at clevated temperatures high 
dielectric strength under adverse moisture conditions 

The ideal magnet wire must also have excellent thermal and 
high-impact shock resistance nd—it must be able to resist 
corrosive and abrasive atmospheres 

Anaconda Epoxy meets all these requirements and more 
For this 130°C (AIEEE Class B) magnet wire is compatible with 
virtually every encapsulating compound tested to date. I qually 
important, Anaconda Epoxy contains no polyester modifiers 

therefore offering greater resistance to hydrolysis 


In addition, Anaconda Epoxy costs no more than most 


ASK THE MAN 


FROM ANA 


ANATHERM A NYFORM 


Class A magnet wires—which means you can often thermally 
upgrade your components to Class B without additional cost. 
It's readily available, too—in a full range of round, square and 
rectangular sizes 

Epoxy can also be furnished in combination with Vitrotex 
(glass-served) for added thermal overload protection. 

So you can see how it offers you many interesting possi- 
bilities for cutting costs and simplifying production through 
standardization 

Our technical staff and Research and Development Lab- 
oratory facilities are available to give you assistance in your 
encapsulating and other magnet wire problems. See the Man 
trom Anaconda. Or write: Anaconda Wire & Cable Company, 
25 Broadway, New York 4, N. Y. 


NDA... EPOXY MAGNET WIRE 


PLAIN ENAMEL 


FORMVAR |05 ANALAC 105°C 


aon 


ws 





High voltage problems? 


SWITCH WITH 


VACUUM 


Particularly useful for fault current protection, 
Capacitor discharge, high voltage disconnects, tap 
changing on rf coils or any high vo!tage 
switching problem difficult to accomplish 
by any other means. 


MODEL Cc 


= 
Ain 


¥ Consider these advantages, 
only possible with vacuum... 


LONG LIFE—Extremely fast arc extinction 
due to rapid radial diffusion of ionized 
particles and almost immediate recovery 
of dielectric strength. No oxides in 
vacuum permits use of tungsten contacts 
with high resistance to arc erosion. 


NO MAINTENANCE—Sealed contacts 


are thoroughly outgassed and remain 
clean of oxides and other contaminants. 


HIGH SPEED OPERATION —From one 


eighth to one cycle interruption including 
mechanical operate time. 


HIGH VOLTAGE USE—Usable up to 230 


kv or higher when operated in series. 


QY 


Write for more detalied literature on Jennings 
complete line of vacuum switches. 


é 
RELIABILITY MEANS vacuum / VACUUM wane GEMNINGS 
® 


JENNINGS RADIO MFG. CORP., 970 McLAUGHLIN AVE., P. 0. BOX 1278., SAN JOSE 8, CALIF 
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Chassis-Trak, Inc., 525 S. Webster 
Ave., Indianapolis 19, Ind 
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INSTRUMENT CASE 


Case for test instruments or as carry- 
ing and shipping case features a plug- 
in chassis which is installed or removed 


half-turn cam lock 


of snap-in te rminal 


by a Open sided 
chassis permits use 
baked enamel 
finish. Available in 2, 4, 8-in. widths; 
10-in height: }2-in depth Alden 
Products Co IC-30 No. Main St., 
Brockton, Mass 

Circle 565 on postcard at end of book 


cards, Steel construction 


RELAY-RACK DRAWER 
Electronic drawer package, Series EDI, 
19-in. EIA 
Drawer material is alu 
5052-H32, and 


is used in standard relay- 
rack cabinets 


minum alloy standard 


ne" a 
} : 
} 2 


package consist of 0.125-in front 


panel, 0.062 rear panel, side trames 


ind cha 0.081-in. chassis 


plate ‘ r anodize finish per 
MIL-A-865 ront panel is 19-in. wide 
by 514. 7, By or 10 in. high. Chassis 
depth ire 1S 17 or 19 in. Western 
Device Ine I Calif 

Circle 566 on postcard at end of book 


glewood 1 


PROTECTIVE TERMINAL 
ENCLOSURES 
ory-installed 
ised as pull 
ind aa ae “ai 


nust be protected against 
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NOW! 


MINIATURE 
AGASTAT” 


time /delay/relay 


MEASURES ONLY 
x1lxlh 
The Miniature Agastat time delay relay is a space-saving 


answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


@ Easily adjusted timing ranges as short as .030 seconds. 
@ Repeat accuracy of + 5% 

@ Time delay on energizing or de-energizing. 

a 

a 


Fer DC or AC operation. 
Hermetically sealed or dust-proof housings. 


Write today for the full details on the new miniature 
Agastat. Dept. A36-1021. 


ui) AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
Circle 285 on Inquiry Cord wr 


. Electrical Coil Windings 


WIRE SIZES #6 to #56 
aoe specializing in all types of 


or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


wy 


63 Pavilion Avenue Providence 5, Rhode island 
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Can't find it? 
Have you checked the 
PRODUCT INDEX? 


See pages 336-337. This monthly Index an- 
swers a continuing need, expressed by many 
readers, for a quick method of extracting in- 
formation relating to any material, component 
or equipment discussed in either the editorial 
or advertising pages. Get acquainted with this 
reference tool. It can save time in your data 
researching. 
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Daven precision 
wire wound 
resistor... type 1282 __ 


makes other 
miniatures look 
like giants! 


Daven’s latest micro-miniature wire wound resistor is 
the smallest ever made! Type 1282 meets all specs 
of MIL-R-93B, Amendment 3, except physical size. 
Available in all tolerances and temperature 
coefficients 


SOME REPRESENTATIVE DAVEN RESISTORS ARE LISTED BELOW: 


1250 1 megohm 
1273 400K 
1274 25 | 250K 
- a —_ + ~+ 
05 100K 





.25 | 1 megohm 
FOR FURTHER INFORMATION WRITE 


“DAVEN~ 


LIVINGSTON, NEW JERSEV 


Today, more than ever, the Daven © stands for dependability 
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Shown above are some of the many 
Rogan knobs available from 
stock molds. Fast delivery. 
Special shaft holes at nominal cost. 
Send for details and catalog. 


ROGAN 
BROTHERS 


8027 N. Monticello +» Skokie, Illinois 


Circle 288 on Inquiry Cord 





~~ 
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1 COMPLETE SOURCE FOR 


TEE LON’ 


TAPES - 0.001” to 0.1875”- RODS, CYLINDERS, SHEETS, 
SPAGHETTI, MACHINED PARTS... of virgin and reproc- 
essed Teflon, Colored Teflon or special Teflon mixtures 


QUALITY CONTROLLED from powder to finished part. 


COMPLETE FACILITIES for mixing, molding, and machining 
from one supplier. 


PROMPT DELIVERIES of samples, prototypes, pre-production 
and production runs in any quantity. 


SS SERVICE by nationwide fluorocarbon spe- 
cialists help specify the exact materials for your needs. 


“duPont tm. 


ere CORP., Rovte 73 and Fellowship Rood, Maple Shode, N. J. 
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Gek Lown, Illinois 
_ Phone: 
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dust, dirt, oil, water and coolants 
Terminal blocks mounted near box 
cover for easier wiring inspection. Pull 
space in rear eliminates lacing. In- 
dividual terminal blocks marked for 
identification. Liquid-tight, seam-welded 
boxes, furnished without knockouts or 
holes, are totally enclosed. Covers held 
on one side by heavy-duty, lift-off semi- 
hinges; fastened by external clamps 
welded to opposite side Keystone 
Manufacturing Co., 23328 Sherwood 
Rd., Warren, Mich. 
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THREE-PHASE 
VOLTAGE REGULATORS 


Three-phase loads up to 15 kva can 
be handled by this 19-in. rack-mounted 
Inductrol voltage regulator design 
Available automatic or motor-driven, it 
features no brushes, introduces no 


waveform distortion, and is unaffected 
by power factor, frequency or load. 
Controls maintain +-1 per cent band- 
width accuracy from —60 to +-60 C. 
Regulators meet MIL-E-16400 and 
MIL-FE-4158. General Electric Co., 
Voltage Regulator Product Section, 
Pittsfield, Mass. 


Circle 568 on postcard at end of book 
POWER CONVERTER 


Solid-state Series 763 converters are 
static power sources designed to be 
used in the same applications as mo- 
tor-generator and vibrator-type devices. 
There are 15 standard models, varying 
in output from 10 to 150 volts d-c with 
nominal 28-volt d-c input. Supplies 
feature a 5 per cent output-voltage ad- 


(Continued on page 306) 
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ICKERS. 


= F- © 


MEGA-POWER 


1310 SERIES 


MAGNETIC AMPLIFIERS 


the NEWEST in a complete line from the pioneer 
in magnetic amplifier design and development 


Seven sizes, from 75 H.P. to 400 H.P. 
Recommended when high capacity controlled 
DC power is required for variable-speed DC 
motor drives. As replacement for conven- 
tional motor-generator power supplies, these 
static devices are more compact, more relia- 
ble, last longer and require less maintenance. 

An excellent source of controlled DC 
power for plating, electrochemical processes, 
accelerator magnets and other DC applications. 

Other Mega-Power units are available in 


sizes up to 2.5 Megawatts. 
Write for Complete Information on this Neu Line of 


Vickers Magnetic Amplifiers. Ask for Bulletin 1310-3. V l C K E R S l N C 0 R P 0 R A T E D 


Division of SPERRY-RAND Corporation 


FA LECTRIC EJ RODUCTS [PJIVISION 


1803 LOCUST STREET 
SAINT LOUIS 3, MISSOURI 
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ideas on “Customeered ” 


RUBBER PARTS 


... their design and application for improved product performance 


“Customeered” 
components 
basic to industry 


Bonded-rubber component 
assures higher accuracy, 
longer operating life of 

vehicle detector contact unit 


Pressure-sensitive detectors installed 
flush with roadway surfaces are vital fac- 
tors in today’s ever expanding vehicular 
world—are used for traffic control, toll 
collection, automatic door opening, etc 

A contact unit produced from 
molded-rubber bonded to heavy-gauge 
and thin-gauge metal strips serves as 


- 


an actuator in the detectors. The pres- 
sure of a vehicle passing over the con- 
tact unit mounted on a steel frame 
below the surface of the road puts the 
detector to work—initiates a count or 
any specific action the detector is 
designed to perform. 

The requirements for the sandwich- 
like bonded-rubber component com- 
prising the contact unit: A completely 
waterproof and airtight air space within 
the full length of the one-foot wide 
units produced in varying lengths of 
four, six, eight and ten feet; resistance 
to the harmful effects of constant ex- 
posure to weather, sunlight, salt, oil and 
tire chains; an operating life involving 
a minimum of many millions of cross 
ings by all tv pes of vehicles 


PHOTO COURTESY AUTOMATIC SIGNAL DIVISION. EASTERN INDUSTRIES. INC 


SiR or sal ok 


ae 


No. 2 


8-ft. rubber-metal ‘sandwich resists chewing 
by weather, oil and millions of vehicles 


The resulting design involved an 
exceptionally difficult molding and 
bonding job. Included were combina- 
tions of hard and soft rubbers. Careful 
attention had to be paid to many impor- 
tant and minute details of production 
and intricate design not only to meet 
the customer's stringent requirements 
for longer operating life but also to 
make good on rigid PSI specifications 


Ohio Rubber’s wide and varied ex- 
perience in “customeering”* to unusual 
specifications, as well as its broad, up- 
to-the-minute manufacturing facilities, 
were both equal to the challenge— 
successfully met all the requirements. 
The bonded, molded-rubber contact 
units are in regular production at 
Ohio Rubber. 


nn a lil i Sil 
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Sewer-Pipe Seal — Precision extrusion of 
high specification rubber by Orco provides 
an effective new approach for obtaining 
sealed or “premium joints” in sewage dis- 
posal lines—prevents surface water infiltra- 
tion to reduce treatment costs. Available in 
a wide range of popular sizes, plus close 


tolerances, for concrete as well as clay pipe. 


OCTOBER 1960 


Orthane Valve Seat — Durable as the 
hardest steel yet resilient enough for seal- 
ing, this valve seat of molded polyurethane 
by Orco is used in specialized oil field 
operations where it must successfully with- 
stand the highly abrasive impact of raw 
crude oil mixed with gravel at pressures 
which often go as high as 20,000 PSI. 


Circle 292 on Inquiry Cord 


MOLDED-RUBBER TUBE STORES 
AND PUMPS CLEANING FLUIDS 


A most important part in the new Swirl- 
away Cleaner for walls, upholstery, 
woodwork, etc. is a molded-rubber tube 
which serves both as a secondary stor- 
age tank and vacuum pump for cleaning 
fluid. Unusual in shape and require- 
ments the tube involved a complicated 
mold, close tolerances, and a control 
rate stock with particularly high resist- 
ance to harsh chemicals normally found 
in detergents. Problems on the design 
and production of this intricate rubber 
component were successfully worked 
out by engineers at Ohio Rubber where 
the part is now produced. 


RUBBER-METAL PUMP IS KEY 
TO NEW DISHWASHER FEATURE 


A vital component in a dual action 
pump which makes possible a “flush- 
away drain” feature in the dishwashers 
of a leading manufacturer, is a rubber- 
metal housing. Since rubber was re- 
quired at several points for sealing and 
vibration absorption, the manufacturer 
asked Ohio Rubber engineers for help 
in designing and producing a pump 
housing of molded rubber bonded to 
a carbon-steel frame or insert. The 
material in the housing, which is in reg- 
ular production at Ohio Rubber, also 
fully protects the frame from corrosive 
effects of both water and detergents. 


THERE ARE MANY MORE EXAMPLES 


of how Ohio Rubber’’Customeered”’* 
components are helping to improve 
product performance for outstand- 
ing original equipment manufac- 
turers in every industry. For more 
information on Ohio Rubber “Cus- 
tomeering”*— molding, extruding, 
bonding-to-metal — with rubber, 
synthetic rubber, silicone rubber, 
polyurethane and flexible vinyl, 
write today to The Ohio Rubber 
Company, Willoughby, Ohio. sw: 


* Trademarks of The Ohio Rubber Company 


Ouio RUBBER 


COMPANY 


Willoughby, Ohio 


A DIVISION OF THE 
EAGLE PICHER 
COMPANY 





STROMBERG-CARLSON. 
TELEPHONE 
HANDSETS 


MODELS FOR 
MANY INDUSTRIAL 
APPLICATIONS 


No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 
and transmitter. 





No. 27: high-gain version of No. 26 | 
handset. 


No. 28: ‘‘push-to-talk’’ handset. 
Rocker bar switch; various spring 
combinations. 


No. 29: high-gain version of No. 28 
handset. 


Typical applications: mobile radio « 
intercom systems ¢ carrier and mi- 
crowave © aircraft and railroad. 


Modern handset cradle for mobile 
or panel use fits 
any Stromberg- 
Carlson handset. 

Write to Tele- 
communication 
Industrial Sales, 
117 Carlson Road, 
Rochester 3, New 

York. Or in Atlanta call TRinity 

5-7467; Chicago: STate 2-4235; 

Kansas City: HArrison 1-6618; 

Rochester: HUbbard 2-2200; San 

Francisco: OXford 7-3630. 


STROMBERG -CARLSON 


GENERAL DYNAMICS 


306 Circle 293 on Inquiry Card 


justment. Specifications: output power, 
75 watts max; output current, 4.0 amp 
max; ripple, 20 mv rms max; operat- 
ing temperature, —55 to +71 C. Spec- 
trol Electronics Corp., 1704 S. Del Mar 
Ave., San Gabriel, Calif. 

Circle 569 on postcard at end of book 


NINE-OUTPUT INVERTER 


Inverter provides nine d-c outputs with 
ratings from any 22-volt d-c 
source. These include 30 volts at 114 
amp, 18 volts at 2 amp, 1800 volts at 2 
ma, and 650 volts at 20 ma. Ripple 


content of all outputs, less than 0.5 


varied 


per cent. If desired, solid-state regula- 
tors are available which maintain volt- 
age to the 2 


constant over 25 
per cent input variation. 


Unit shown 
regulates over 24 to 28 volt input at 20 
amp max output. Freed Transformer 
Co., Inc., 1718 Weirfield St., Brooklyn 
7, es he 


inverter 


Circle 570 on postcard at end of book 


POWER-FREQUENCY 
CONVERTER 


Model PS6001 converts 120 volts, 60 


cps to a 120-volt, 400-cps nominal 


Need to know 
about 


Casting Resins 

and 
Application 
Techniques 

for 
Embedment, 
Encapsulation 

and 
impregnation 


? 


In a 52-page reprint booklet—one of the 
ELectro- 
TECHNOLOGY to- 
gether eight previously published articles 
dealing with the embedment, encapsula- 
tion and impregnation of electronic cir- 
cuit units and components. Individual 
articles cover property data on casting 
resins; evaluation tests on resin systems; 
results of environmental tests on em- 
bedded units; process-control problems. 
An annotated bibliography of selected 
technical articles on electrical insulation 
provides a useful reference tool for 
checking on basic research and applica- 
tion techniques developed over the past 
decade. 


design compendium series 


editors have brought 


CONTENTS 


The Epoxy-Resin System for Embedded 


Circuits and Components 


Automatic Machines for Cast-Resin 
Applications 


Polyester Casting Resins for Rigid Insu- 
lating Parts 


Problems in Casting Electronic Components 


Effects of High Humidity on Dielectric 
Properties of Casting Resins 


Copper-Inert Flexible Coil Encapsulation 


Environmental Tests for Embedded Eleo 
tronic Units 


Resin-Embedment Process for 
Electronic Package Design 


Price: $2.00 


Optimum 


See Order Form on page 224 
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1. Eleven Standard Models 


EXCLUSIVE! Contact Combinations on 
Ohmite Relays Are MOLDED* 


Permanence and case of adjustment of the individual contact springs 
are the result of a revolutionary, new innovation found in two new 
Ohmite Relays— Models TT and TS. This innovation is the unique 
“Molded Module™* contact spring construction. The “module” is 
a standard, single-pole, double-throw spring combination molded 
into a single compact assembly. As many as six modules can be 
incorporated into a relay *( Pat. Applied For) 


PUALITY CONSTRUCTION— All Ohmite relays embody the same 
meticulous engineering, strict quality control, and generous use of 
high quality materials which have made Ohmite componénts the 
standard of the industry. Parts are plated where necessary for 
corrosion resistance. Springs are of nickel-silver or phosphor- 
bronze. Contacts are fine silver. Special contact materials, such as 
silver, tungsten, palladium, or gold alloy, can be supplied. Protec- 
tion against humidity and moisture is paramount and is accom- 
plished in layer-wound coils, through complete sealing with cellu- 
lose-acetate. Relays are available in a wide range of coil operating 
voltages and contact combinations in both AC and DC types. 


TYPES IN FOUR STOCK MODELS For fast service, four 


OHMITE 


Write on company letterhead 
for Catalog and Engineering 
Manval 58 


OCTOBER 1960 


2. Typical Relay Enclosures 


OHMITE MANUFACTURING COMPANY RHEOSTATS 
3613 Howard Street, 
Skokie, llinois 


Relays for 
Reliability 


TE 


3. Relgys with Special Construction 


models in the Ohmite relay line are carried in stock in 65 types at 
the factory, and by Ohmite Distributors from coast to coast. 


HERMETICALLY SEALED AND DUST-TIGHT RELAYS — You can 
specify many of the basic Ohmite relays in nonremovable, her- 
metically sealed enclosures for applications requiring complete 
relay protection. These high-quality relays are sealed in seamless 
steel enclosures which are exhausted and filled with dry, inert gas 
under control of Ohmite engineers. Ohmite hermetically sealed 
relays are available with either plug-in or solder terminals. Relays 
are also made with nonremovable dust-tight covers and removable 
dust covers. 


RELAYS WITH SPECIAL CONSTRUCTION — Ohmite relays are 
available with special terminals or special construction, such as 
relays with push-on or screw terminals, relays with binding-post 
terminals. Where quantities warrant, Ohmite will manufacture 
relays made to your specifications. Ohmite can furnish not only 
special terminals, special contact combinations, contact materials, 
and coils but also special enclosures, connectors, impregnation, or 
frames. Ohmite relays can be engineered to meet your special 
pull-in, drop-out, or time-delay requirernents. 

For your special or unusual relay applications, let Ohmite’s ex- 
perienced engineers help you work out the best solution. 


RESISTORS RELAYS TAP SWITCHES 
TANTALUM CAPACITORS 
VARIABLE TRANSFORMERS 


DIODES 


R.F. CHOKES 
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Another lime ond Labor Guer 


for finishing wire leads 
with ARTOS AUTOMATIC CS-6 


A new collecting device 

is now available for use on 
the popular Artos CS-6 
wire-measuring, Cutting 
and stripping machine. 


Illustration shows the 
Single Conductor Stranded Wire 


A ARTE 


" Single Conductor Solid Wire 


new collecting trough 


(AE-478). Upper trough 


2-Conductor Parallel 


collects wire leads up to 
Stranded Wire 


60 inches long, then empties 


300 Ohm Television Wire 


— Se 
SJ Cord 


into the lower trough 
after wire has been cut, 


thus saving operator time. 
Heater Cord & OP 


a 
Shielded Wire with Rubber Jacket 


Production speeds of 3000 finished wire leads per hour up to 
15 inches long. Maximum cutting length is 194 inches .. . strip- 
ping up to 2 inches at one or both ends. Artos also makes ma- 
chines that measure, cut, strip and attach terminals automatically 
at one or both ends. 


Operated by unskilled labor. Errors and work spoilage, due 
to human element, are eliminated. Machines are easily set up 
and adjusted for different lengths of wire and stripping. 


Proved performance. Time-consuming hand stripping jobs 
which once were a bottleneck in many plants are gone forever. 
As a result, Artos automatic wire strippers are paying their way 
in the mass production of television and radio sets, electrical 
appliances, motor controls and instruments of all kinds. 


if you need big capacity on wire lead finishing, WRITE for 
descriptive Artos Bulletin No. 36. Engineering consultation 
without obligation. 


AGENTS 


me oe World Leaders in Automatic Machines 


for Finishing Wire Leads 


ARTOS, a 2 ht ee 


2741 South 28th Street Milwaukee 46, Wisconsin 
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square-wave output, equivalent to a 
115-volt, 400-cps sine wave for motor 
loads. Frequency adjustable from 350 
to 430 cps, with power output 125 to 
250 watts. Voltage regulation +7 per 
cent; frequency regulation, +5 per 
cent; dimensions, 5x7x10% _ in.; 
weight, 22.5 lb; operating tempera- 


| ture range, —29 to +71 C. Power 


Sources, Inc., Burlington, Mass. 
Circle 571 on postcard at end of book 


TWO-CHANNEL 
TIME RECORDER 


Recorder simultaneously graphs operat 
ing patterns of two machines on one 
strip chart. Built-in time totalizer in- 
dicates continuous sum of operating 
time within 0.1 hr or 0.1 min. Access 
window permits direct notations on 
chart. Standard chart roll speeds: 1, 
4. 12 and 60 in. per hr. Standard In 
strument Corp., 657 Broadway, New 
York 12. 

Circle 572 on postcard at end of book 


HIGH-G COAXIAL SWITCH 


Coaxial switch withstands 50-g sus 
tained acceleration, 20-g vibration at 
75-2000 eps. The 75-gm SPST fail-safe 
units have 0.006 sec switching time; 


available for 6-30 volts d-c and 115 
volt, 400-cps operation with TNC, N, 
or HN coaxial connectors in r-f range 
of 100 to 5000 me. Don-Lan Electronics, 
Inc., 1131 Olympic Blvd., Santa Monica, 
Calif. 

Circle 573 on postcard at end of book 


SOLID-STATE 
SERVO AMPLIFIER 


The 735D is a high-gain servo amplifier 
which drives 400-cps servo motors re- 
quiring up to 18 watts per phase. Plug 
in package operates from 117-volt, 400- 
cps line. Transfer gain is 1000, with 
mating motor’s control phase wound 
With input impedance 
of 0.5 megohms, higher gains can be 


for 57 volts rms 


| obtained with external step-up trans 
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HAGEN 


TTT: 


timers... 


FOR INTERRUPTING 
ELECTRIC CIRCUITS 
AT A PRE-ARRANGED 
TIME SETTING 


%& Split Cams for variable 
percentage setting 


%& Time cycles from ! sec. 
to 60 min. 


% Contact Rating 15 Amps. 
at 115 V. AC. 7.5 Amps. 
at 440 V. AC, 


Ideal for grease injection, 
motor control, humidifiers, sig- 
nal lights, pulsing circuits, 
vending machine and appli 
ance control. One and two 
circuit models available. 


ENCLOSED 


Write for Bulletin 1310 for complete specifications and types 
available. Address Dept. F-10060 


HAGEN MANUFACTURING DIVISION 72484200. 


Of The Gemewe!! Compery WISCONSIN 


AN €. W. BLISS COMPANY SUBSIDIARY 
Circle 296 on inquiry Cord 


RAJAH SPRING SNAP 
SOLDERLESS TERMINALS 


Merely push the terminal on the 
base stud, and it snaps into place 
making a positive electrical con- 
nection. To remove just pull it off; 
no screws to bother with, no springs 
to bruise fingers. 


Write for descriptive folder 


THE RAJAH COMPANY 


35 VERONA AVE., NEWARK, WJ. 


ircle on Inquiry 


-—FOLDING DOUBLE CUPPED WASHER LUGS 


With or Without 
insulation Grip— 
Small or wg 
Screw Hole. For 
Standard, Extra 
EASY TO APPLY «+ NO TOOLS REQUIRED Flexible Strand- 


(Oe ~* ~ AO 
eoOOOTo 


f -DF 
Write for Bulletin @-OF = RA aa ae eh 
eee LL ia ee 
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AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 
BOBBIN COILS © PAPER INTERLEAVE COILS 


COTTON INTERWEAVE COILS © FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn, 


ELECTRICAL PORCELAIN 
Built to your Drawings and 
Specifications * Send us your inquiries 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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MERKLE-KORFF 


“SPECIAL thp 


GEARED MOTOR 
PROBLEM? 


HERE’S YOUR ANSWER— 


| MERKLE-KORFF 


From 800 down to '/; R.P.M., or lower; for 
continuous, intermittent and reversing appli- 
cations; with or without cooling fans, brokes 
end motor covers—you get more torque per 
pound and per dollar with Merkle-Korff's long 
experience and dependability. 


HUNDREDS OF MODELS 

Merkle-Korff geared motors have forty-nine 
years of progress behind them —and youl 
Excellent basic design, know-how gained in 
producing many millions of geared motors 
and billions of gears assure you that Merkie- 
Korff has the motor you need—or can design 
and build one for you in record time. 


CHOICE OF MOUNTINGS 

Horizontal, vertical, side wall, base or face 
movunting—any way you need your motors 
Merkle-Korff can supply them. 


VARIETY OF MOTORS 

Do you need perfect timing? Reversing 
motors? Universalis? Starting torqves equal to 
or exceeding running torques? Do you need 
more power in the smallest package ond ot 
the lowest cost? 


Merkle-Korff probably has the answer ready 
for you now. Investigate. There is no obli- 
gation. 


i hi 


LET MERKLE-KORFF | / 7] 


APPLICATIONS ENGINEERS / , 
HELP your; ~)r~ Lf 


Standard models of MK geared motors meet 
hundreds of OEM requirements. Ask for com- 
plete engineering data. 

MK Applications Engineers are at your 
service if you have unusual requirements. 
They welcome “‘problems"'; they enjoy solv- 
ing them. Write us today. 


GEAR COMPANY 


Circle 301 on Inquiry Card 


former. For positional and _ velocity 
loops using Size 18 servo motors. Unit 
will operate to 71 C. Industrial Con- 
trol Co., Central Ave. at Pinelawn, 
Farmingdale, N. Y. 

Circle 574 on postcard at end of book 


MAGNETIC RELAY 
AMPLIFIERS 


Model 1211 bi-stable relay amplifier 
reacts to signal currents from 10 to 25 
pamp. Input is derived from photo- 
resistor with varying resistance of 2 to 
5 megohms. Excitation voltage is 115 
volts at 400 cps. Input current of 25 
pamp yields 10-volt, 10-ma_ output. 
Temperature range is +32 to +125 F. 
Units weigh less than | lb. Lumen, Inc., 
Moen Ave.. P. O. Box 905, Joliet, Il. 

Circle 575 on postcard at end of book 


60-CPS SERVO AMPLIFIER 


Model A425 can be used with up to 
Size 18 servo motors, with its own 
power supply connecting directly to 
115-volt, 60-cps line. Available in two 
models for either 0 to +150 F or —55 
to +71 C ambient temperatures, am- 


plifier can be provided with synchro 
switch for two-speed synchro systems. 
Typical voltage gain, 2000; gain sta- 
bility, 20 per cent; input impedance 
for course and fine synchros, 1 k each; 
output voltage, 40 volts rms on center- 
tapped load; output power, 9.5 watts; 
weight, 38 oz. Westamp Inc., 11277 
Massachusetts Ave., Los Angeles, 25. 

Circle 576 on postcard at end of book 


VARIABLE ATTENUATOR 


“PI” line continuously variable atten- 
uators are for use when attenuation 
over 10 db is not required. Unit covers 
frequency range from 1.0 to 9.0 kmc. 
Features 10 db minimum attenuation 
at 1 kme, 1.5 maximum VSWR at all 
frequencies, with max insertion loss of 
0.5 db. Size is 5 in. diam by 1 in. high. 

(Continued on page 314) 
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PORTER-CABLE depends on 
USG ” BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Pn 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 


NEA A 
lili 1 


} 
' 


S 
C2) 
G? 


The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 


For complete information on USG brushes and contacts, 
write for Catalogs B-56 and the USG grade list. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW , MICHIGAN 
GRAPHITAR® ae © GRAMIX® powoER METALLURGY © MEXICAN® GRAPHITE ing © USG® BRusnEs 
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Don’t compromise on switch reliability because... 


Every touch of a Switch 
is a test of your equipment! 


The design of switches is a specialty, one place 
where you can save valuable engineering time 

and insure that circuits will be made. But don’t 
stake your reputation on less than the finest. 

MICRO SWITCH precision and reliability will 


safeguard your performance standards. 


MICRO SWITCH offers the most complete selection of Sensitive way to crush a switch. This machine records load 
switch catalogs available on Sub-subminiature, Mercury, stress and strain from gram ranges up to five tons. Here 
Push-Button, Rotary Selector, Toggle, Door Interlock MICRO SWITCH engineers test Compression, tensile proper- 
and Sealed Aircraft Switches. Write for file material now. ties of materials and characteristics of switches. 
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I1CRO SWITCH Precision Switch: 


New ideas in the application of switches may auto- 
matically create new competitive advantages for your 
product. Many manufacturers are entrusting switches 


with more and more critical and varied assignments. 


And the same profitable opportunities are open to 


you. Some typical examples are the control of heat 
cycle and water flow of an automatic coffee maker, the 
ultra-sensitive responsibility of detecting the thickness 
of paper money, and the automatic cycling on a pre- 
cision grinder at the rate of 57,000 operations per day. 

But, the kinds of precision and reliability that safe- 
guard your performance standards cannot be taken 


for granted in just any brand of switch. At MICRO 


The image shown on this Comparator enables engineers 
to carefully scrutinize tiny parts of a precision switch to 
check contours and dimensions. This is part of the extra 
care that preserves MICRO SWITCH precision and reliability. 


MICRO SWITCH FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


OCTOBER 1960 


Sb lO i Re RE 


SWITCH, the largest testing laboratory of its kind pre- 
tests switches for thousands and sometimes millions 
of operations, simulating on-the-job conditions of 
temperature, humidity, sand blasting, extreme pres- 
sure or shock and vibration. 

MICRO SWITCH pioneered the design of small pre- 
cision snap-action switches. Today, new applications 
have resulted in the design of over 12,000 different 
switches that make up the MICRO SWITCH line. There 
are sure to be some ready-made answers for your 
switch problems. For special help, see the Yellow 
Pages for the listing of the MICRO SWITCH branch 


office located near you. 


MICRO SWITCH Catalogs are also available on a complete 
selection of Limit Switches, Enclosed Industrial Switches 
and Explosion-Proof Switches. Write for the material you 
need and bring your data files up to date. 


H Honeywell 


MICRO SWITCH Precision Switches 
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CONSOLIDATED 


CUSTOM MOLDING 
Ce Cr it Radome Reseach Asociates 2 


Bond St.. Westbury, N. Y 


INDUSTRY Circle 577 on postcard at end of book 


| TANTALUM CAPACITORS 


P-type wet-anode tantalum capacitors 

For more than eighty years, are designed for solid-state equipment 
Consolidated Molded Products in environments up to 125 ¢ tased on 
Corporation has been a preferred a sintered tantalum slug in a fine-silver 
source of high-quality plestics case, capacitors provide 2000-hr operat 


shipment are all guided by 
Consolidoted’s tradition of crafts- 
manship, a pattern of consistently | 
premium-grade, on-time produc- _ 
tion for great companies. og tih 
For YOUR tough job in ples. 
tics, call on Consolidated, FIRST. : ing life at maximum temperature and 


rated working voltage. Units withstand 
vibration from 50 to 2000 cps at alti 
tudes up to 80,000 ft along each of 
three major axes with 20-g acceleration 
Available in three basic case sizes. Rat 
ings range from 1.75 to 330 yf at up 
to 85 volts d-« for 125 i. oF 125 volts 
d-c at 85 C. ITT Components Div., 815 
San Antonio Rd., Palo Alto, Calif 
Circle 578 on postcard at end of book 


AXIAL-LEAD 
CERAMIC CAPACITOR 


Available from 47 pf through 0.01 ,f, 
200 volts and 5 10. 20 per cent and 


330 Cherry St., Scranton 2, Penna. ° 


Circle 304 on Inquiry Card ELECTRO-TECHNOLOGY 





different 
motorized 

Fo 3 
Sao meet a 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 

isles from \% H.P. to 5 H.P. 


own choice. 


of 


on 
our new 


No. M-140. 
Licensed under Pot. 2,868,03! 


AMERICAN STOCK GEAR Division 
PERFECTION GEAR COMPANY HARVEY, WLLINOIS 
Circle 305 on Inquiry Cerd 


WIRE/CABLE STRIPPING 
MACHINES 


Cut costs 1/3 of more with 

hish«peed, machine  strip- 
ping. SPEEDCRAPT 
fully automatic. bdrush- 
type. and air-type ma- 
chines are precision-built 
and backed by over 30 
years’ specialized experi- 
ence. Proved-in-use de- 
signs, quality features 
throughout. Complete 
line includes an econo- 
mical machine for every 
stripping need. For 
prompt, accurate reply, 
send 3-foot sample and 
brief details. 


WIRE STRIPPER CO. 


1729 Eastham Avenue, Cleveland 12, Ohic 
Circle 306 on Inquiry Card 


DYKEM 
head 2: 


Sass eve 28 4 Popular package is 
Qe» 


Bo, can fitted with 

making Dies and ~ cap .-y-- 

soft-ha. “P- 
plying right at a 

surface ready for 

1 layout in a few qeniaten, 

The dark blue back 

, makes the ascri = 

show up in sharp relief, 

prevents metal glare. In- 

, creases efficiency and 

accuracy. 


Write for sample 
on eompenytehetiact 


THE DYKEM COMPANY 
2303F North 11th St. + St. Louis 6, Me. 


MO hay 
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200 D.P. 


Send your prints 
for quotations 


SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
RACKS 
INTERNALS 

ODD SHAPES 


wite 
‘ % 


~. GEARS 


Coe V7 VEE Top 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
Circle 308 on Inquiry Card 
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ceramics when you want them! 


@ It makes sense to buy electrical porcelain 
parts from a supplier that assures quality, 
precision parts with delivery when you want it. 
That’s why it will pay you to specify STAR for all 
your electrical porcelain needs. Star’s high level 
of quality is constantly maintained by a full and 
well-trained quality control staff. This assures 
you of well-regulated and timely deliveries of 
dimensionally accurate ceramic parts to tie in with 
your own production efficiency. We are eager to 
work with you. Write us today. 


Circle 309 on Inquiry Card 





GMV tolerances, microminiature ca- 
pacitor sizes start from 0.100 x 0.125 x 
| 0.075 in. High moisture resistance and 
| stability over —55 to +150 C range. 
King Electronics, Inc., 915 Meridian 

Ave., Pasadena, Calif. 
Circle 579 on postcard at end of book 


CRYSTAL RESISTORS 


| Film resistors mounted on standard 
IN21 or IN23 crystal bodies plug into 
any component using equivalent crystal 


x 


to check crystal detector mounts, crys 
tal mixers for mis-matched impedance 
Available in resistance values from 25 
to 400 ohms, * 2 or 5 per cent. Film 
ohm Corp., 18 W. 25 St.. New York 
10. 

Circle 580 on postcard at end of book 


MOTION TRANSDUCERS 


Linear and rotary motion transducers 
for indicating or feedback control sys- 
tems, Models 10-R-60-1 and 10-R-30-1, 


offer infinite resolution and sensitivity 


Can a silicon rectifier of 02 volts rms deg for 10-R-601 and 
solve your problem? 


It might, if you have a problem in DC power sources. For 
example, some time ago C & D needed a high efficiency, con- 
stant potential, current limiting DC power supply. Output 
had to be held within + 1% over an AC input variation of + 
15%. In addition, maintenance would have to be virtually nil. 
The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart 
of C & D’s AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 
there are no moving parts. There are no relays to adjust and 
practically no maintenance is required. 
Now, C & D has expanded facilities of the AutoReg plant 
to provide industry with similar DC sources, which incor- 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 
Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 0.4 volts rms/deg for 10-R-30-1. Units 
are 1.25 in. high, 0.937 in. diam, de- 
signed for standard Size 10 servo 


Autoheg’ Power Sources 2 iii 


deg and 60 deg; input voltage, 26 volts 
a-c, 400 cps; output impedance, 5000 


Mmezeno BATTERIES 
of Conshohocken, Sa. Cttica. Ind 


Oi THE £LECTHeIcC AUTOUITE co 


ohms; independent linearity, 0.3 per 
cent; null (tuned), 0.1 per cent of 
full scale; usable frequency range, 300 


to 3000 cps. Arnoux Corp., 11924 W 
Manutactorers of Siyver-Ciad® industrial Batteries - PlastiCell’ and PlastiCal® Batteries for Communications, Control, aed Wa hington Blvd., Los Angeles 66. 


Auziliary Power + Producers of AutoReg® Silicon Chargers and AutoCal’ Charger-Battery Combinations Circle 581 on postcard at end of book 
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Longer Life! Superior Dependability! 


LINE of BULLETIN 700 
RELAYS IS COMPLETE! 


THESE IMPROVEMENTS 
ARE IMPORTANT! 


These improved Bulletin 700 Type B 
and Type BX relays are establishing 
new standards for relay life and re- 
liability. New design increases me- 
chanical life by at least 5 times...a 
new contact motion insures at least 10 
SJ b times greater electrical reliability. 
: 5 pe Double break, silver contacts never 
Sy Tyee 1D eenesd suntan watts need maintenance, and the new molded 
SS shown with 2 N.O. and 2 N.C. con- coil is impervious to the most severe 

, tacts. Made with up to 8 poles in atmospheric conditions. 
various arrangements. These new A-B relays—with their 
extra millions of trouble free operations 
at no increase in price—are a bargain 
a in the relay field. Write for complete 

univ I ret hown ; * 
eee NO = " details, today. 


N.C. contacts. Additional contacts on 
the 6 and 8 pole relays are N.O. only. 


NEW 
ENCLOSURES 


for the Bulletin 700 relays 
are styled by Brooks Stevens 
—internationally famous in- 
dustrial designer. Note the 
“family” resemblance of 
these enclosures 


TYPE BR Butietin 700 convertible contact ely 
shown with four poles. Made with up to six poles in line 


No other relay offers such simplicity in 
changing contacts from N.O. to N.C. 


NEMA Type 1 for general 
purpose applications with 
wrap-around cover for 
ready accessibility. It has a 
“quality” appearance. 


NEMA Type 4 enclosure 
tor applications that require 
a watertight and weather- 
proof seal. 


NEMA Type 7 enclosure 


tor NEC Class 1, Group D 
hazardous gas locations 


11-60. 


Roe se Bios Sees ae lc Sih eoll cee 

A four pole unit provides any of the 
contact combinations otherwise avail- 
Pl N AR Ste RG Met ks Me) me amb oe | 
coritact type. You can reduce your relay 
inventories. In tests, this relay has 
proved it will provide many millions of 
trouble free operations. Double break, 
silver contacts.never need servicing. 
Also, each relay|can have one or two 
complete and ng rated contacts added 
Tomei e Met Eos Met Mei eRe at aslelt mnie 
creasing space requirements. If you 
don’t know about the Type BR relay, 
let’s get acquainted. 


ee 
ial 
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ALLEN -BRADLEY  woror’ 


Member of NEMA CONTROL 


Allen-Bradley Co., 1316 8. Second St., Milwaukee 4,Wis. + In Canada: Allen-Bradley, Canada Ltd., Galt, Ontario 
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Allen-Bradley 
. Bulletin 798 
Multi-Unit 
Control Center 









This shows A-B control center unit with popular 
A-B Bulletin 709 solenoid starter and circuit breaker. 
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Quality 
Control 
Centers 


«2. the mark of a modern plant 
providing the utmost in reliability, safety, 
convenience, and lasting beauty 







The superior quality of Allen-Bradley control cen- 
ters provides a modern and attractive installation 
—one that you'll be justly proud to have in your 
plant. The cost is commensurate with the quality 
of the workmanship— but you'll never have reason 
toregret your decision. Furthermore, Allen-Bradley 
control centers arrive completely wired and tested 
— and installed costs are usually substantially lower 
than that of individual starters. 

The flexibility of A-B control centers makes 
them readily adaptable to changing needs. Indi- 
vidual units can be added or modified without 
internal rewiring. In addition, entire sections can 
be added to meet future plant expansion. 


For the finest in control centers, you cannot 
surpass Allen-Bradley’s Bulletin 798. Write today. 


This shows A-B Bulletin 700 
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ere F . control relays mounted in an 
nga , A-B contro! center unit. 
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Par = A-B control centers can be 
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bet > ee ee | equipped with a wide variety of 
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~s: a components. These Bulletin 849 
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This huge, 48-foot A-B con- 
trol center houses 101 A-B 
Bulletin 709 solenoid motor 
starters. It is designed to 
permit an addition containing 
50 more Bulletin 709 starters. 
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. BEETLE - 
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CYMEL 
BEETLE 


UREA 


PLASTICS | 


CYANAMID MOLDING COMPOUNDS ! 


SELF-EXTINGUISHING 
HIGH ARC RESISTANCE 


DEPENDABLE ELECTRIC PROPERTIES 
UNDER ADVERSE CONDITIONS 


EXCELLENT ABRASION-RESISTANCE 
CHEMICAL RESISTANCE 


CYMEL 3135-3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
Stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM D704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
blocks; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Federal L-M-181 Type 2; 
ASTM D704-55T Type 2, SP1 SPEC NO. 27025. 


mm CYMEL 1077 (alpha cellulose-filled) Additional 


distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704- 
55T Type 1, SP1 SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
lerminal strips. Specifications: Cymel 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cyme! 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filled) Additional dis- 
tinctive properties: Economy of fabrication, 
economy of material, myriad translucent and 
Opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM D705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP1 SPEC NO. 27026. 


WRITE FOR COMPLETE TECHNICAL DATA, 


AMERICAN CYANAMID COMPANY «+ PLASTICS AND 
RESINS DIVISION « 30 ROCKEFELLER PLAZA— 
NEW YORK 20, N.Y. OFFICES IN: BOSTON ¢ CHARLOTTE 
CHICAGO « CINCINNAT! « CLEVELAND « DALLAS ¢ DETROIT 
LOS ANGELES « MINNEAPOLIS » NEW YORK « OAKLAND 
PHILADELPHIA ¢ ST.LOUIS « SEATTLE « IN CANADA 


GYANAMID OF CANADA LTO. MONTREAL AND TORONTO. 
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divide 
motion 


into 25,600 


exposures 
per second 


with the 


D, 


This new comera, which operates 
at constant speed, offers new 
potentialities in the use of pho- 
tographic instrumentation for 
high-speed motion analysis. 


May we supply further informa- 
tion? Or provide guidance in the 
potential application of Dynafax 
(or any other of the Beckman 
& Whitley High-Speed Cameras) 
to your problems? 


Beckman ¢ Whitley 


SAN CARLOS 11 © CALIF. © U.S.A. 


Circle 313 on Inauiry Card 


Laboratory and 
Engineering Equipment 


POTENTIOMETER 
RATIO MONITOR 


Ratio Monitor is a_ servo-operated 
bridge balance Error signal 
between external potentiometer wiper 
voltage and servo potentiometer wiper 


system. 


voltage drives thé servo potentiometer 
wiper to a null (balance) position. 
Position of wiper is read as percentage 
of full scale. Operating power is 115 
volts a-c, 60 cps. Accuracy is 0.1 per 
cent of full scale, resolution is 0.05 per 
cent of full scale. Physical Sciences 
Corp., 389 No. Fair Oaks Ave., Pasa- 
dena, Calif. 

Circle 582 on postcard at end of book 


STROBOSCOPIC 
TACHOMETER 


Small and portable 
Tachometer 1531-A features a funda- 
mental speed (flashing-rate) range of 
110 to 25,000 rpm and white flashes 
with a duration of 1 to 6 usec. Stro- 
botron lamp produces the high-inten- 


Stroboscope 


sity flashes, with peaks of 0.21, 1.2 and 
42 \ 10° candlepower on three 
ranges: high (4000-25,000), medium 
(670-4170) and low (110-690 rpm). 
Single flash-rate peak is 7 & 10° can- 
General Radio Co., West 
Mass. 

Circle 583 on postcard at end of book 


dlepower. 
Concord, 


FLUX RESET TESTER 


Constant-current flux tester, for testing 
of magnetic amplifier cores, provides 
information on performance 


Tester 


accurate 
of cores used in components. 
gives direct reading in oersteds and 
kilogauss over a range of core sizes. 
Excitation control accomplished by 


variable autotransformer which adjusts 
excitation level. Calibration panel per- 
mits easy standardization of fluxmeter 
in terms of known average voltage. Ter- 
provided for using external 
d-c instruments for checking 
standardization. Equipped with flux- 
meter indicator and control panel for 
presetting test sequence and fluxmeter 
ranges for each test. Magnetic Metals, 
Hayes Avenue at 21st St., Camden 1, 
N.J. 


minals 
reference 


Circle 584 on postcard at end of book 


WEAR AND 
FRICTION TESTER 


4-6 Tester for wear and friction testing 
of metal specimens can be used for 
simulation of most types or combina- 
tions of wear, heat and atmospheric 
conditions for evaluation of wear char- 


ELECTRO-TECHNOLOGY 





WESTON SENSITROL FOR 
MORE RELIABLE CONTROL 


Model 1092—the most versatile, all-purpose 
relay...especially useful in prototype circuitry. 


A truly all-purpose relay, the Weston Model 1092 Sensitrol® 

is serving diverse applications from commercial display to 
production line control. This meter-type relay with magnetic 
contacts is also used for continuous pulsing control and in circuits 
for holding variables such as temperature, voltage and 

light levels within critically narrow limits. 


Simplicity of operation is an important factor in the growing 
popularity of Model 1092. A single adjustment screw controls a 
wide range of accurately repeatable DC values . . . from 

0-50 microamperes, or comparable span of 0-100 millivolts. 
This instrument can be mounted on magnetic or non-magnetic 
panels, thanks to special Weston Cormag® self-shielded movement. 
It can handle up to 100 milliamperes at 120 volts AC or DC 
without chatter. 


Many economies are possible with low-cost Model 1092 — 
another factor contributing to its wide application. Because it can 
be adjusted for an almost infinite number of settings, it 
eliminates the need for stocking a variety of relays in production 
work. And since it employs a moving coil mechanism, costly 
rectifiers and external converters are not required. 


Call your Weston representative for full information about 
“Sensitrol” Relays, or write: Daystrom, Incorporated, 

Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division: 100 Empire St., Newark 12, N. J. 
In Canada: 840 Caledonia Rd., Toronto 19, Ontario. 


| Day STROM , incorroraten 


WESTON INSTRUMENTS DIVISION 


“Reliability by. “Design 


OCTOBER 1960 Circle 314 on Inquiry Card 





ee 


Tarzian high-current line combines 
thermal efficiency with mounting 
versatility and optional base polarity 


The low junction current density of Sarkes Tarzian’s high- 
current silicon power rectifiers results in longer, more reliable 
operating life. Compare these key Tarzian values with those of 
other comparably rated units, and you'll see why Tarzian 
rectifiers have won such wide acceptance among designers: 





THERMAL GRADIENT 
(Junction to base) 


JUNCTION 
SIZE 


JUNCTION 
TEMP. RISE 


- Scone 


OC CURRENT 





9° Centigrade — * 
5° Centigrade 
7° Centigrade 


35 amps -375 inch | 
100 amps -75 inch 
150 amps -875 inch 
200 amps 1.0 inch 9° Centigrade 

*250 amps 1.125 inch 11° Centigrade 
*Availabie with stud mounting only 


60°C Maximum 
60°C Maximum 
60°C Maximum 
60°C Maximum 


In addition to providing for maximum cooling and larger junction 
area, T arzian’s unique case styling produces a compact, 

easily mounted rectifier available in flush or stud mounting types. 
Tarzian high-current silicon power rectifiers are also available 
from stock in your choice of negative or positive base polarity. 


For complete specifications and ordering information, 
contact your Sarkes Tarzian sales representative or write to 
Section 4574 N, Sarkes Tarzian, Inc., Semiconductor 
Division, Bloomington, Indiana. 


SARKES TARZIAN, INC. 


SEMICONDUCTOR DIVISION 
BLOOMINGTON, INDIANA — 

in Canada: 700 Weston Rd., Toronto 9, Ontario 
Export: Ad Auriema, inc., New York City 


Circle 315 on Inquiry Cord 


60°C Maximum 


acteristics. It can also be used for the 
friction measurement of solid lubri 
cants, plastics and fibrous materials 
as well as oils and greases. Strain- 
gage dynamometer measures resultant 
torque, and thermocouples indicate 
temperatures developed. Chamber tem 
peratures can be varied from —60 to 
+1500 F with auxiliary equipment 
Specimen and rub shoes can be im 
mersed in a bath of molten metal for 
special tests. Illustration shows essen 
tial mechanics of tester. Hohman Plat 
ing and Mfg. Co., 814 Vermont Ave 
Dayton, Ohio. 

Circle 585 on postcard at end of book 


BALL-BEARING ANALYZER 


Electronic instrument BA-20 is de 
signed for non-destructive analysis of 
ball and roller bearing quality. Analy 
sis is based upop vibrations produced 
by rotating bearing. indicating un 
serviceable bearings both visually and 


audibly. Allows a check of bearing 
surface conditions and cleanliness in 
an average time of less than 30 se« 
Requiring only 18 in. x 20 in. bench 
space, it tests bearings from %% to 10 
in. OD. Bearing Inspection, Inc., 3311 
E. Gage Ave., Huntington Park, Calif. 

Circle 586 on postcard at end of book 


MOISTURE ANALYZER 


High-speed, general-purpos¢ moisture 
analyzer Model HFR-4E gives positive 
moisture readings for plastics process- 


ELECTRO-TECHNOLOGY 





Synthane makes and fabricates 
laminated plastics 


BE ee a GEL bs ee a eee 


Why “do-it-yourself” fabrication seldom pays 


This is a “long length”’ saw, especially fast, accurate, economical fabrication inated plastics from us and have us 
built to cut sheets of Synthane lam- of laminates. fabricate them for you. Call any of 


inated plastics of over 25 feet in length. Without the advantage of special our representatives—located in all 


It is extremely improbable that machines and tools, and faced with principal cities—for a quotation or 
you would ever have sufficient work the possibility of errors, waste, delays, write to Synthane Corporation, 17 
to make the purchase of such a mistakes in tolerances or dimensions River Road, Oaks, Pa. 
machine profitable. Yet the long at your expense——-you may come to 
length saw is only one of hundreds the same conclusion as have nearly 


of unusual machines necessary for all of our customers—buy your lam- 


CORPORATION OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Moided-macerated 


You furnish the print—we'll furnish the part 
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NEW! 
HRS ULL 


This new series of molded nylon 
knobs and dials offers fresh, modern 
styling along with the strength and 
insulation properties of a rugged, 
nylon body. For 4%” shafts—ideal for 
laboratory and test instruments! 4 
types available: basic knob; pointer 
knob; dial knob 10-0/180°; and dial 
knob 10-0/270°. Ridged gripping 
surface for positive, comfortable 
“feel” — collet and nickel-plated 
locking screw designed for positive 
internal attachment. 


OTHER KNOBS AND ay ae pe - also 
manufactures a distinctive line of matching 
knobs and dials molded of tough, black 
nolic to MIL-P-14 specifications. Metal 

are etched, satin aluminum, ano- 
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© Capacitors « Tube sockets © Connectors © Pilot 
lights © insuleters « Knobs, Dials « Inductors « 


E.F. JOHNSON CO. 


2301 2nd Ave. S.W. * Waseca, Minn. 


Circle 317 on Inquiry Card 


| through. 


| load and turnoff time of 
| msec 
| Total response time on overvoltage is | 


ing and similar applications. Tests are 
made within 10 to 20 sec, sampling a 
moisture-content range from 0 to 80 
per cent. All tests are non-destructive; 
accuracy, 0.01 to 0.5 per cent. Boonton 
Polytechnic Co., Inc., P.O. Box 125, 
Boonton, N.J. 

Circle 587 on postcard at end of book 


BREADBOARD KITS 


Engineering 
standardized 
prototype or breadboard buildup, have 
swaging 


design kits, containing 


electronic hardware for 


grommets, terminals and a 


Fae > 
SS ~~ 
SS 
i 
: 
; 


~~ 
~~, 


| tool for component evaluation or labo- 
| ratory use. Also included are standoff 


terminals and subminiature printed- 
circuit terminals, 
soldering tool. U. S. Engineering Co., 
13536 Saticoy St., Van Nuys, Calif. 


Circle $88 on postcard at end of book 


including a special 


| CIRCUIT BREAKER 


Transistorized CB-20 overload circuit 
breaker offers 
against transistor damage due to cur- 
rent short 
runaway and ___—overvoltage 


complete 


overload, circuits, 


punch 


Provides load-current dete: 


tion sensitivity of 200 ma at 20 amp 


less than | 


beyond selected “break delay.” 


50 psec. Controls permit 


protection | 


thermal | 


| offer higher dielectric, 


selection of | 


LL 


LL 
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LOW-COST 
WEST VIRGINIA 
PRESSBOARD INSULATION 


++.» @ Moneysaver 
for every purpose 


PRESSITE ... an absorbent board 
for air, oil, and askarel transformers 
also for capacitors. 


ELECTRITE ...a hard board, with 
natural rosin sizing to resist mois- 
ture. Excellent for punchings and 
fabricated parts. 


DENSITE ... an extremely hard 
board. Sized for moisture resistance 
or unsized for applications in oil. 


All three types are widely replacing 
more costly insulation. 

Made of 100° virgin kraft pulp 
produced at our own pulp mill, they 
are free of metallic particles. They 
physical, and 
chemical properties. 

Uniform quality assures consistent 
dependability. Colors are natural 
kraft, black, and brown depending 
on type. Available in a wide range 
of thicknesses. 

Ask for Underwriters’ Laboratories report 
4E3987. Write Board Products Sales, Weat 


Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Pulp and Paper 


Circle 318 on Inquiry Card 





CREATIVE ANALYSIS PAYS OFF! 


Rudd-Melikian, Inc., one of the recognized leaders in the vending machine 
manufacturing industry, needed substantial increases in production efficiency 
to keep pace with the market requirements on their new “‘Brew-a-cup”’ coffee 
maker. A study, conducted jointly by R-M and AMP engineers, indicated 
AMP-lok multiple wire connectors as the solution. 


f a 


ADVANTAGES: AMP-.-lok snap-assembly connectors . . 


e replace bulky solder-type connectors 
e permit use of modular construction techniques 
e facilitate final assembly and in-service maintenance 
u ° . ° 
THE PAY-OFF’: Twice the previous production volume of electrical control harnesses 
with no increase in production facilities. 


You can start your creative analysis to better wiring with a request for AMP-lok information, today. 


Ae INCORPORATED 


GENERAL ae eee Oe en ae reere ee 


a ugh subsidia panies in: Australia « Canada « England « Fra 
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Write for 
Bulletins No. D-73 
ond D-75 
or see 
Sweet's Electrical 
Catalog— 
Section 5b 


silent. sure... 
Merci ry works better 


for you in Durakool Contactors 


Timer Relays-Switches 


All-Steel bodies with welded seals are rugged. 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 


TIMER RELAYS 


Durakool engineered metering system designed 
to be tamper-proof and dependable. Single 
moving part assures trouble-free operation. 


1, 2 and 3 pole combinations. 


SWITCHES 


Work in any position around diameter. 1 
ampere sizes are mercury to metal design, 
over 1 ampere are mercury to mercury. Avail- 
able uninsulated or insulated in any of a 


variety of materials. 


VEL) 


Elkhart, indiana, Durakeol, inc., 1018 N. Main St. 

Chicago, Iilinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave 

Los Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Bivd 
Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Bivd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 


Circle 320 on inquiry Card 


automatic or manual break reset. Volt- 
age limiting is variable from 6 to 60 
volts by internal adjustment. P. R. 
Mallory & Co., Inc., Indianapolis 6, 
Ind 

Circle $89 on postcard at end of book 


UNIVERSAL TESTING 
MACHINE 


Machine for combination fatigue test 
ing provides for static or dynamic test 
ing on a selective basis. Features auto- 
matic load cycling within adjustable 
limits; dynamic, 5000 Ib; static, 20,000 


lb. Machine size, 29144 x 274 x 67 in 
high. Electrical plug-in connectors and 
shock mounts are provided. Electrical 
requirements are 220 volts a-c for ma- 
chine and 115 volts a-c for control rack 
Instruments Division, The Budd Co., 
Box 245, Phoenixville, Pa 
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LOW-NOISE AMPLIFIER 


Model 72 is a high-gain, wide-band 
amplifier for use in research and 
development work, both as an amplifier 
and noise source. Nominal bandwidth 
is 0.1 eps to 320 kc, and is adjustable 
in steps. Gain is adjustable in 3-db 
steps from 100 to 10,000. At full 


ELECTRO-TECHNOLOGY 





PIGTAIL TOP HAT SILICON 
RECTIFIERS 
E.1.A. Number PIV 
1N536 SO 
1N599 50 
1N599A 
1N1217 
1N440B 
wate RECTIFIERS 


1N537 E.1.A. Number PIV 
1 N600 1N607 


TN600A 1N607A 
1N1100 1N340 
1N1218 1N338 
1N601 1N349 
IN6OTA 1N348 
1N1219 1N347 
11N441B 1N253 
1N531 1N608 
1N538 1N60BA 
1N602 1N609 
1N6024 1N609A 
‘Noi *N336 
1N1220 1N337 
1N442B 1N346 
1N532 1N345 
1N539 1N254 
1N603 1N610 

. 1N603A IN610A 
q 3 1N1102 1N334 
maximum wen 


1N335 
, 1N443B 


flexibility = = 


1N343 
1N604A 


inrectifier | “= 


IN6I1A 
1N444B 


circuit design | = 


8888s 


~ 


1N333 
1N342 
1N605A 
1N1104 


1N341 
1N255 
CHOOSE HUGHES SILICON RECTIFIERS 1N1223 
IN445E 


1N612 
1N612A 

With over 100 different JEDEC types available, Hughes 1NS35 

1NS547 


1N613 
offers you one of the industry's largest selections of stud iNeos 


1N613A 
1N256 
mounted and top hat silicon rectifiers. And with their ) | 1N606A 


1N614 
IN614A 
1N562 
1N563 


SSSSSSSSSSSSSSSssssssesssss 
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100 
100 
150 
150 
150 
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200 
200 
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200 
200 
0 
300 
300 
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300 
30 
300 
400 
400 
400 
400 
400 
400 
400 
500 
500 
500 
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600 
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600 
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hermetically sealed, corrosion resistant packages, these 
rectifiers give you maximum reliability! 


To order any of these devices please contact the Hughes Creating a new world with ELECTRONICS 
Semiconductor Sales Office or Distributor nearest you. Or, 
for further information write Hughes, Semiconductor 
Division, Marketing Department, Newport Beach, California. 


Forexport write Hughes International, CulverCity, California. | 9 © 1080 events aimcnar? company 
; SEMICONDUCTOR DIVISION 
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FROM RIVERSIDE-ALLOY 


“Put ups” by the ALLOYIST™ 
pay off in Production 


There’s a right kind of wire or strip “put up” for your production 
equipment . . . there’s a right size for long runs and short runs. But, are 
you getting the kind and size of “‘put up”’ you need, when you need it? 

The ALLOYIST has them all . . . spools, reels and Pay-Off-Paks for 


wire in overlapping weights 25 to 1000 pounds . . 
to 2000 pounds or exact lengths . . . rod in exact lengths or randoms. 
Start the job right. Order your alloys from the ALLOYIST for a 
pay-off in smoother production. 

*Riverside-Alloy is the ALLOYIST to the electrical/electronic industry . . . a single, re- 
liable source of strip, rod and wire in Nickel, Nickel silver, Cupro nickel, Stainless steels 


(ISOLOY), Phosphor bronze, Monel and Inconel . . . a supplier whose manufacturing 
processes insure your product superiority. 


Riverside-Alloy Metal Division, H. K. Porter Company, Inc., Riverside, 
New Jersey. 


RIVERSIDE-ALLOY METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, tools , forgings and 
pipe fittings. roll formings and stampings, wire rope and strand. 
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. strip by coil weight | 


bandwidth, noise developed with input 
shorted is less than 3 pvolts. With 
high-frequency bandwidth set at 80 ke, 
Hum, less than 
input. Input 
impedance, 10 Distortion, 
less than 0.5 per cent. Output im- 
pedance, less than 100 ohms. Maximum 
output, 30 volts peak. Amplifier 
operates from 115-volt, 50/60 cps 
power. Shapiro and Edwards, Electronic 
Instruments, 1130 Mission St., South 
Pasadena, Calif. 
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VARIABLE-FREQUENCY 
POWER SOURCE 

Model LDS-1500, 50-watt power source 
with better than 0.01 per cent ampli- 
tude stability and 0.1 per cent har- 
monic distortion, enables users of a-c 


noise is 1.5 pvolts. 


0.25 ypvolts, equivalent 


megohms. 


voltmeters, a-c ammeters and digital 
meters to calibrate instruments to labo- 
ratory standards. Instrument delivers 
up to 1500 volts and up. to 12 amp, 
continuously variable at any frequency 
between 20 and 20,000 cps. Measures 
40 in. high x 22 in. wide x 19 in. deep. 
Krohn-Hite Corp., 580 Massachusetts 
Ave., Cambridge 39, Mass. 
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Posteard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
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EDCO 


OILERS 
CHECK VALVES 


aA Bl ae 


9900 FREELAND AVE. DETROIT, MICH 
Phone TE 4.7700 


OlL CATALOG Ne. 59 
with Metel Tube 
Fabrication Dote 
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MARKETING OPPORTUNITY 
HIGH TEMPERATURE MAGNET WIRE 


We need a product manager with experience in 
the sale and promotion of high temperature 
magnet wire. Responsibilities will include re- 
organization of field sales procedures and repre- 
sentatives. Headquarters will be in the North- 
east. We're Ready to Talk Turkey, Are You? 


Box 101, ELECTRO-TECHNOLOGY 
205 East 42nd St., New York 17, N.Y. 


SPECIAL “Hot Melt’’ COMPOSITIONS for 


electronic component dipping, impregnating and potting. 


@ Controlled insulation resistance. 
@ Softening point range from 155° F. to 290° F. 
© Stability at —70° C. 
@ Fungus resistant grades available. 
@ Technical consultation available. 
Send for GENERAL SPECIFICATIONS CHART 
Stock available for immediate delivery 
3442 Howard Street @ Skokie, Illinois 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 
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SECURE WIRE BUNDLES IN SECONDS! 


Simply pull this modern self-locking nylon strap around your wire 
bundle, cut off the excess,and you have a positive-holding installation. 
No tying, no knots, no hitches to come loose with Bund-L-Tite*. It’s 
the fastest, surest, most permanent way to secure wire bundles! 
Proved in aircraft and missiles under extreme loads, Bund-L-Tite* 
straps are made of tough, light-weight DuPont zytel, which meets 
MIL-P-17091. Write for free literature. 


DAKOTA Manufacturer of Cab-L-Tite clamps. 
ENGINEERING, INC. 


4315 Sepulveda Blvyd., Culver City, California *Trade Mark 
Circle 325 on Inquiry Card 


® A CONTROL SYSTEM 
eA with ORIGINALITY 
Pag and RELIABILITY 


“A major breakthrough in temperature control” 


SATURABLE POWER REACTOR CONTROL 
ano *Kange-Leck prorection 


ones CONVECTION OW OVENS 


ECONOMICAL 
COMPETITIVELY PRICED 


with ovens utilizing standard 
ON-OFF cycling type control systems. 


BLUE Wee 


SU UD Par UP 
BRANCH: Blue M attest Ce, ETP So. Main Street 
Los Angeles 7, California 


fer free 
Bulletin 1960 
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large production gives you low prices! 


al 


Thermostatic DELAY RELAYS 
yee Meni ¢ Me eel 


Hermetically sealed. Not 


SPST only 


rugged, explosion-proof, long- 


lived j Tle teh Le 

alas : i 

y ae Tis eee Lt 

to PROBLEM? Send for 
Bulletin No. TR-81 


BALLAST REGULATORS 


i elib mes lio 


, 
VOLTAGE OF 20¥ ‘WITH aMpeniTe 
Sj earreey « CHARGER | VOLTAGE VARIES 
VARIES APPROX. , ONLY 


30% : 2: 
' 

‘ 
Hermetically sealed, they 


aah List Price, $3.00. 
Ea ae i ae ee oko alae ee ee 


AMPERITE 


561 Broadway, New York 12, N.Y CAnal 6-1446 
Canada: Atkas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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Analytical Methods for 
Permanent-Magnet Design—2 


Continued from page 162 


CZ, or the useful energy is (19/20)+(1/4)*+(CZ)+(DN) 
From Fig. 40, the correct minor loop will be with B/H (unit 
permeance) of approximately 10. It can be shown, by plot 
ting the ratio of useful and leakage permeance, that a given 
demagnetization characteristic will deliver maximum useful 
energy with a critical ratio of useful-to-leakage permeance 
For alnico 6 this is approximately 5. This will make P 

uw) (B/H) tl {..), since P 


statement, and from Fig. 40 we can set the block of useful 


200, from the problem 


energy as one-fourth (CZ)+(DN), and find it to be approxi 
mately 600,000 B-H units. Forty watts of electrical power 
must be converted to equivalent B-H units. One watt one 
joule /se« 10° ergs. A 4-pole machine rotating at 3000 
rpm has a frequency of 100 cps. Therefore, the cycle of 
permeance change is traversed 200 times/sec for each cubic 
centimeter of magnet volume, and the magnetic energy per 
cycle is 40/200 0.2 joule, or 0.2 « 10 2,000,000 ergs 
We must now consider that this energy must be increased by 
20/19 to allow for internal loss, and since the coefficient of 
armature demagnetization (fraction of total armature mag- 
netomotive force which has a demagnetizing effect) is 0.3, 
the total equivalent magnetic field energy is (0.2 x 10°) 
(20/19) (0.3) 632,000 ergs. Since each cubic centimeter 
can furnish 600,000 B-H units and since B-H/8 & represents 
ergs/cm", the magnet volume (V_) (632,000) (Br) ] 
600.000 26.4 cu cm. 


From Fig. 9 we see that. for a b pole rotor to operate at 


od a 
- —— f 


ot 


Circuit analog analysis of permanent-magnet generator 
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“SCOTCH” Brand Electrical Tape No. X-1099 A new product of 

has all the electric strength of fully-cured epoxy 
resin, with all the mechanical strength of glass 3M Research! 
* 


cloth, combined in convenient pressure-sensitive 
tape form for Class F (150° C.) applications. 
Adhesive is non-corrosive and thermosetting. 
Backing is fully compatible with epoxy resin 
insulating systems — cleavage planes are 
eliminated. Write for complete information: 3M Co., 
900 Bush Ave., St. Paul 6, Minn., Dept. EAB-109 


~ CO., ST. PAUL 6, MINN, EXPORT: 09 PARK AVE., NEW YORK 16, CANADA: LONDON, ONTARIO 


Electrical Products Division Mienesora Mfinine ano [fanuracrunine E> 


eee WHERE RESEARCH IS THE KEY TO TOMORROW 
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KRIMPTITE* 
INSULKRIMP* 
VERSAKRIMP* 
VIBRAKRIMP* 
AVIKRIMP* 


*Trade Mark 


EIC 


ETC INCORPORATED 


990 E. 67 St., Cleveland 3, Ohio 
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SELSYNS and SYNCHROS 


High-accuracy types for precise remote 
control applications 


General Electric offers a wide variety of Selsyns and Syn- 
chros to meet industry and Navy BuOrd specifications: 


THREE FRAME SIZES—BuOrd Sizes 1 and 5 and a 
smaller G-E 15. 

HIGH ACCURACY—Ranging from = 1.5 degrees down 
to +0.3 degrees, depending on model selected. 
SPEEDS— Models for operating up to 300, 1000, and 
1200 rpm. 

FREQUENCY—Both 60 and 400 cycle represented. 
VOLTAGES—115 Volt Primary and others available. 
FOR USE in torque transmission and voltage control 


onan ai 
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B/H = 10, the diameter-to-width ratio (D/W) must be 2 
and (0.7¢D*/4) (D/2) == 264. The area of the 4pole 
configuration is approximately 0.7 of full circle. Therefore, 
D = 46 cm, W = 2.3 cm. The voltage and current are 
determined by the constants of the winding. As a guide in 
comparing permanent-magnet characteristics, the above 
analysis works well if one knows the useful recoil energy of 
the material and the ratio of permeances for optimum energy 
conversion. Contour energy plots and optimum permeance 
ratios for various materials resulted from work done by 
D. J. Desmond. (1/) In typical rotating machines, each 
cubic centimeter of alnico 6 will produce approximately 
(600,000) / (0.3) (82) = 800,000 ergs 8 millijoules of 
electrical energy. 

The electrical analogy of this generator problem may be 
easily represented. In the writer's opinion, this represents 
one of the best examples of how a complex permanent-mag- 
net problem can be represented and understood in analog 
terms. In Fig. 42, point C on the volt-ampere characteristic 
represents the stabilized operating point, achieved by open- 
circuiting the permanent magnet or short-circuiting the 
generator if the magnet is magnetized in the return path 
(with gap permeance present). Values of R, and R, are 
selected to represent the slope of the recoil line and the 
slope of the demagnetization characteristic at the coercive- 
force point. Line CL actually becomes the volt-ampere char- 
acteristic of the permanent magnet for operation out to 
point C (operation outside major hysteresis loop is a physi- 
cal impossibility). Figure 42(b) illustrates the equivalent 
electrical network. The two-zone approach is satisfactory 
since limb leakage is low. With the switching relay Sw 
open, the generator will operate at point M, and /y will 
be proportional to the no-load voltage of the machine. When 
the generator is loaded, armature current establishes mag- 
netomotive force which may produce a magnetizing or de- 
magnetizing influence on the permanent magnet, depending 
on the power factor of the load. For instance, with induc- 
tive load of such value as to cause operation at point VW, E, 
is the analog voltage representing the demagnetizing arma- 
ture magnetomotive force. 


Electrical analogies offer great convenience in dis- 
playing generator variables. It appears possible to de- 
velop techniques to optimize the output per pound of 
a given permanent magnet with specific properties, taking 
into consideration such factors as method of stabiliza- 
tion and regulation requirements. The Naval Research 
Laboratory has shown that the analogies can be extended 
to include complex transient operation, and has shown 
means of calculating the various demagnetizing influ- 
ences.(12) It is becoming more possible for permanent- 
magnet machines to compete with wound-field designs if 
optimum design of the permanent magnet is achieved. 
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Electric Company, paper read at National Electronics Con- 
ference, Chicago, 1957, published in JRE Transactions, Com 
ponent Parts, March 1958. 

. “The Economic Utilization of Permanent Magnets,” D. J 
Desmond, Journal of IEE, March 1944. 
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Another SPEED NUT Savings Story... 


62% cost reduction made with SPEED CLIPS” 


on Cramer Posture Chairs 


A dozen Sprep C.uips 

now do the job of fas- 

tening upholstery to 

the steel seat of Cramer 

Posture Chairs. Before 

the switch to Tinner- 

man Speep CuIpPs, an 

expensive formed-steel 

rim was spot-welded to 

the seat to do this job. 

Speep C.uips save 

Cramer at least 46 

cents—or 62% of fastening cost—on each chair 

... they eliminate the rim-forming and spot-weld- 

ing operations...permit faster, easier assembly... 

simplify disassembly if the chair ever needs 

re-upholstering. Working jointly with Cramer's 

engineering staff, Tinnerman fastening specialists 

were able to provide all these advantages without 
sacrificing product quality. 

Assembly costs on your product are likely to 


benefit greatly, too, if you’ll enlist the aid of this 
Tinnerman team. You can arrange for a free 
FASTENING ANALYsIs of your product simply by call- 
ing in your nearby Tinnerman representative. You’ll 
find him listed in the““Yellow Pages” and in Sweet’s 
PD File under “Fasteners.” Or write direct to: 


TINN BERMAN PRODUCTS, t*nunec. 
Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 


—— 


TINNERMAN 


FASTEST THING IN FASTENINGS® 


CAMABA: Dominios Fasteners Ltd Ramilten, Ontario GREAT BRITAIN Simmonds Aerecessories Ltd. Treforest, Wales. FRANCE Simmonds S.A. 3} ree Salomon de Rothschild, Suresnes (Seine) GERMANY Mecane Bundy Gmdll, Heidelberg. 
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Resinite’s new Hi-Heat 105C combines outstanding resistance 
to heat, fungus and oil in a transparent (no amber tint) vinyl RESINITE 
insulation sleeving that permits ready identification of print HI-HEAT 105C 


or color-coded wires. * DIELECTRIC STRENGTH: 
1000 voits/mil. avg. 

* TEMPERATURE RANGE: 
221°F. to 10°F. Continuous 


Hi-Heat 105C more than meets specification requirements of 
MIL-I-631C Type F, Form U, Grade c, Class I and II, Cat. 1. 


Hi-Heat 105C is available in all standard sizes, wall thick- operation at 105°C 


nesses and colors. “Soft-Wound” spooling assures fully round © PLAS RERSTANSS: 
(Self Extinguishing) 5 sec 


sleeving for easy assembly. For U.L. 105°C applications specify » panenee eunearenen: 
Resinite Super Heat 125 or Hi-Heat 105. For samples and per- Win net ret : 


formance data, call your Resinite Distributor or write: * CORROSION and 
OIL RESISTANT 


e 11 COLORS: 
Transparent, black, white, red, 


RESINITE DEPARTMENT blue, green, brown, grey, orange 


eo BORDEN my violet, yellow 
CHEMICAL 


COMPANY © BORDEN CO 


1 Clark Street, North Andover, Mass., P.O. Box 430, Co.npto., Calif. 
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No. 1827 
ACTUAL SIZE 


Pat. Pend. 
co 


ROTARY 


TH 


ae 
> ap 


SIMPLE, SNAP-IN INSTALLATION of No. 1827 cuts time and 
labor costs...eliminates fumbling with lock nuts. Locks 
into a keyed mounting hole with a single push. Designed 
expressly for pole lamps, tree lamps and small appliances— 
where limited space is a consideration—this new, small, com- 
pact and efficient switch is precision engineered with the 
same time proven ratchet-action mechanism standard in all 
Circle F Rotary Switches. Rated at 1 A.-125 V.T.—3 A.- 
125 V.—1 A.-250 V. and a special 6 A.-120 V. A-C. 

Contact your local Circle F representative for complete 
information or write direct. 


CIRCLE F MFG. CO. 


TRENTON 4, NEW JERSEY 
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PRODUCT INDEX for this issue 


Components, parts and materials described in this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e" with page number indicates editorial mention 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Capacitors—31, 92, 238e, 250, 292, 3l4e 
Clutches—293e 
Contact devices 

Brushes and brush holders—311, 338 


Commutators—222, 286e 
Slip rings—222, 286e 


Control systems—21 
Cooling equipment—254e 


Electron tubes 
Glow lamps—218 
Indicator—204 
Power—13 
Receiving—242, 252e 
Thermal analog—187e, 206, 237e 


Fittings, conduit—250e, 255 
Fuel cells—194e 
Heating elements—256e, 258e, 262e 
Lights, indicator—256e, 258e 
Magnetic amplifiers—303, 310 
Magnetic components 
Bobbins and core boxes—240 
Coils and windings—237e, 324 
Cores—222, 223, 257, 279, 302 
Permanent magnets—35, 202 
Meters, panel—29, 192e, 211, 297 
Microwave devices—249e, 310e, 316e 
Potentiometers—249e, 284e 
Printed circuits—260e 
Protective devices 


Circuit breakers—28, 73, 210 
Thermal—71 


Reactors—240 


Relays 
General purpose—191, 25le, 273, 288, 291, 


307 
Industrial—25, 289, 318 
Mercury—293, 326 
Miniature—193, 249 
Special—16, 191, 321 
Telephone—55 
Time delay—73, 303, 326, 330 


Resistors—73, 212, 249e, 303, 316e, 337 


Semiconductor devices 

Controlled rectifier—51, 254e 

Photocells—50, 87, 256e 

Rectifiers and diodes—inside front cover, 
68, 201, 217, 234e. 240e, 241, 251, 254e, 
262, 267, 316e, 322, 327 

Thermistors—50, 234e 

Transistors—41, 51, 83, 254e, 262, 263 

Varistors—37 


Servo components—64, 281e, 282e, 286, 293e, 
308e, 310e, 332, 339 


Solenoids—191, 287 
Static switching elements—76, 238e 


Switches 
Acceleration—237e 


336 


Coaxial—308e 


Controllers and contactors—49, 73, 240e, 


289, 318 
High-voltage—300 
Limit—221, 238e, 283, 313 
Pushbutton—33, 38, 237, 238e, 313 
Rotory—253, 313, 335 
Snap action—33, 283, 313 
Thermol—Back cover 
Toggle—33, 283, 313 


Telephone handsets—306 
Timers—45, 277, 297, 309, 340 


Transducers 
Linear displacement—3\6c 
Rotary displacement—\43e, 3)6¢e 
Thermostats—256e 


Transtormers—237e 
Valves, solenoid—256e 
Voltage regulators—302e, 330 


Wire and cable—25le, 288 
Cooxial—270e 
Hookup—25le 
Magnet—57, 203, 274e, 299 


Wiring devices 


Cable clamps and clips—249e, 272¢, 274e, 
329 


Connectors—inside back cover, 25le, 274c, 


276e, 278e, 284, 294, 325 
Cord grips—200, 267e 
Cord sets—216, 220, 243, 288 
Harness—34 
Plugs and jocks—276e, 324 
Terminals—69, 233, 274+, 283, 309, 332 
Terminal blocks--69, 262 


COMPONENTS, 
MECHANICAL /STRUCTURAL 


Bearings—!, 36, 73, 198e, 244e, 249e, 250e, 
324 


Clutches—249e 
Counters—294e, 296e 
Couplings—286e, 290e, 324 


Fasteners 
Bolts and nuts—226, 2506¢ 
Quick-operating—2%e, 333 
Rivets—244 
Screws—297 


Gears—195, 244e, 249e 

Housings and enclosures—14, 298e, 300c 
Knobs, handles—301, 324 

Mounting hordwore—272e, 278e. 298e 
Plastics parts—258e, 260¢ 
Pulleys—20e 

Rings, retainer—235 

Seals and goskets—250e, 25le 

Shock mounts—250e 

Springs—282 

Washers—199 


COMPUTERS AND 
COMPUTING COMPONENTS 


Analog computers—242e 
Digital computers—163e¢ 
Logic modules—240e 
Storage drums—242e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Copy moteriols—285 


DRIVES 


Electrical—91, 244e, 293¢ 


Mechanical 
Constont speed—242e, 315 
Variable speed—244e, 284c, 294¢ 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplitiers—326e 

Caiculotors—252¢ 

Environmental chambers—277, 329 
Generators, electronic—236e, 328¢ 
Meters—42, 192¢, 219, 256, 261, 271, 320¢ 
Power supplies—189, 237, 302¢, 3060, 328c 
Recorders—54, 75, 86, 2360, 259, 308e 


Special test equipment—43, 84, 236e, 240c 
296e, 320, 320¢, 3220, 324¢, 326¢ 


MATERIALS, 
ELECTRICAL ELECTRONIC 


Conductive materiols—214, 234¢ 
Contact moterials—l09%e, 234e 


Insulation and dielectrics 
Casting resins—205, 234e, 264e, 290 
Ceramics and gloss—233, 239 
Fabricated parts—(see: Services) 
Fabrics—27 
Fiber—234e, 248 
Films—70 
Foams—234e 
Laminotes—228, 233, 248, 323 
Mica—264e 
— compounds—17, 39, 234¢, 267e, 


Paper—2, 233 
Pressboord—324 

Resin hardeners—213 
Tape—8, 70, 275, 302, 331 
Tubing—70, 302, 334 
Vornishes—295 


Magnetic materials 
Alloys—4 
Electrical steel—48, 89 
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Plating solutions—272e 
Quartz—264e 

Semiconductor materials—267e 
Silicones—44, 63, 70 

Solder and flux—272 


Wire and cable—(see: Components, Ele-- 
trical / Electronic) 


MATERIALS, 
MECHANICAL ‘STRUCTURAL 


Adhesives, anti-static solutions, woxes—228, 


234e, 270e, 329 
Brazing alloys—245 
Fabricoted parts—(see: Services) 


Metal forms 
Spring wire—272e 
Tape—65, 328 


Metals 
Alloys, general—229, 261, 328 
Aluminum—174 
Phosphor bronze—214, 328 
Steel—65, 261 
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Ceramics—262e¢ 
Felt—234 
Lubriconts—272e 


Protective coatings 
Chemicol—234e, 242+, 260 


MOTORS AND GENERATORS 


Fractional-hp motors—15, 47, 215, 227, 240c, 
266 


Geormotors—61, 67, 272¢, 310 

Generators—215, 240¢ 

Integral-hp motors—47, 58, 215, 227, 2406, 
247 


Speciol|—15, 67, 77, 79, 238, 261, 280, 280e, 
281, 2Ble, 282e, 283, 298 
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Layout fluid—315 
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Processing equipment—262, 276, 277, 329 
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Wiring machines—297, 308 
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Coil winding—301, 309 

Metal fabrication—8!, 89, 222, 229, 329 
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STORAGE 


In modern digital computers 


PERFORMANCE IS THE PAY-OFF 


A big, modern digital computer may cost as much as $10-million to buy outright. 
Even rental may run as high as $50,000 a month. 

With money like that involved, computer-makers can’t take a chance on sub- 
standard components. They want, and get, the best components... . the best re- 
sistors. Where wire-wound power resistors are required, they frequently specify 
Ward Leonard VITROHMS. 

There’s another reason, too, why computer manufacturers want only the best: 
They’re shooting for 99.99 ...% statistical reliability of components, and the more 
“9's” the better. Computer components — say, resistors—are numbered in the 
tens of thousands, and they have to have this kind of performance to get 99.8% 
reliability in their final product. For this reason, computer makers insist on, and 
get, performance—as continuous and reliable as the state of the art permits. And 
again, where wire-wounds are required, they are likely to specify Ward Leonard 
VITROHMS. 

If you want maximum quality and maximum reliability in your product, fol- 
low the lead of outstanding digital computer manufacturers—like IBM, Remington 
Rand, and Burroughs—and specify W/L VITROHMS. You'll find full information 
in catalog D130. Write for your copy, and the name of your nearest VITROHM 
distributor, today. Ward Leonard Electric Co., 34 South Street, Mount Vernon, 
New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) °.6 
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SPECTROL PRECISION MECHANISMS 


When a test pilot rockets into the outer 
atmosphere for the first time driving ex- 
rimental craft such as North American's 
X-15, he'll feel as though he’s been there 
before. 
Before his first actual flight, the pilot trains 
for many hours in “dry land” rocket craft. 
There, he learns to cope with upper atmos- 
phere problems as posed by an analog 
computer. Every time he touches a control, 
the computer responds and the result ap- 
pears on the instrument panel in the train- 
ing cockpit. The entire bank of instruments 
reacts as though he were really “up there.” 
In this way, the pilot meets every conceiv- 
able situation long before he takes his 
powerful bird aloft. 


And what does trol have to do with 
this important training program? 
Spectrol makes the link that joins the com- 
puter and the bank of instruments in the 
cockpit. This link, known as a servo re- 
peater, translates the computer’s informa- 
tion into meaningful dial readings. As you 
know, such information must be trans- 
ferred quickly and accurately. 
Spectrol servo repeaters do just that. Key 
specifications for a typical unit now in 
production are: 
Maximum velocity: 360° /sec 

Acceleration in excess of 7000°/sec* 
Static accuracy better than 0.25 deg. at output shaft 
Other applications for Spectrol packaged 
servo repeaters include dial drives on GCA 
equipment, airborne computers and dc sys- 
tems in general. 
Spectrol PRECISION MECHANISMS 
free the systems engineer from building 
functional sub-assemblies. If you need pre- 
cise logical system modules combining in a 
single specification sub-assemblies using 
com nts such as gear drives, clutches, 
precision potentiometers and servomotors 
— Spectrol can help. 
For complete info: jon, call your near- 
est Spectrol enginee sales. representa- 
tive, or address Dept. 32. . 3 
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MIRROR IMAGE ON BOTH COASTS 
EAST ELECTRICAL TIMING DEVICES 
WATERBURY, CONNECTICUT 


ELECTRONIC TIMING DEVICES 
CULVER CITY, CALIFORNIA WEST 


Have it your way: electronic or electro-mechanical timing devices and test 
equipment. & The A. W. Haydon Company will design and manufacture 
either type...or both...to your rigid specifications. And with the same 
precision, compactness and high reliability as always. @ For electro- 
mechanical devices call on our timing specialists at Waterbury, Conn. If 
your requirements are electronic, our Culver City, Calif. plant can meet your 
needs. @ On either coast...on both coasts... there's only one A. W. Haydon. 
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In the Interest of 


Electro-Technology 


Publishing Continuity . . . 


When a publication with roots going back thirty- 
two years adopts a new name, a bridge must 
built, in a manner of speaking, to make easier 
the transition from the old name to the new and 
to preserve the publication's heritage and repu- 
tation in its field. 


Many of the technical features which will ap- 
pear in future issues of ELecrro-Tecuno ocr will 
relate to previously published articles in Electrical 
Manufacturing. This relationship will be indicated 
in all future bibliographies and cited references. 


Beginning with this issue, all feature-article re- 
prints will be identified as coming from Exectro- 
Tecnno.ocy—formerly Electrical Manufacturing 


(see Science & Engineering Reprints, p 224, and 
Editorial Reprints Available, p 230). the case 
of earlier reprints, a special label will be affixed 
at time of mailing to identify them with E.ecrro- 
TECHNOLOGY. 


In another measure, to insure that there will 
be no interruption in the filing of copies and in 
reference indexing of articles, this issue is identi- 
fied on the “b e” with a dual logot and 
continues the volume-number sequence of Electri- 


cal Manufacturing. 


Through these and other logical steps we hope 
to smooth the name transition and to preserve 
the continuity of the magazine—cherished by both 
the publisher and, we trust, our readers. 
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Inquiry Service postcard below. 
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Article reprints available without charge are listed 
on page 230. For Science & Engineering reprints, 
see Order Form on page 224. 


e New Literature 


Latest catalog and bulletin offerings starting on 
page 234. 


@ New Components and Materials 


Reviews of new developments starting on page 
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PLUG-IN HYFEN SOCKET 


WITH CRIMP-TYPE, SNAP-LOCKED TERMINATIONS 


a new line of Hyfen 
connectors for plug-in 
relays, including crystal can 
relays ... crimp-type 
Hyfen terminations provide 
thousands of identical 
installations for stable 
electrical and mechanical 
performance under extreme 
conditions of vibration, 
shock, and acceleration. 
Sockets available to mate 
with relays of all leading 
manufacturers. For further 


information write Quickly installed individual crimp 
type terminations are easily remov- 

Omaton Division, able and replaceable for flexibility of 
circuitry. 


RADY 


NORWALK, CONNECT e BICC-—BURNDY Ltd. Prescot, Lancs England ° in Continental Europe: Antwerp, Belgium o TORONTO, CANADA 
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STEVENS sotunce THERMOSTATS 


® slash lead time 
® cut development costs 
® are realistically priced 


thermostat — or a minor variation thereof — 
to fill your special requirements exactly. That 
saves design and lead time . . . saves on de- 
velopment costs . . . gives a proven unit at a 
realistic cost. on 


To check rising thermostatic control costs, 
check up on the Stemco thermostat line while 
your product is in the planning stage. Since the 
Stemco line is the broadest in the industry, 
there is a standard production-line Stemco 


manufacturing company, inc. 
P.O. Box 1007, Mansfield, Ohio 


THERMOSTATS 


Refer 99 Guide 400EO for U.L. and C.S.A. approved ratings. 


TYPE S*. TYPE H. 


= 


Adjustable or non-adjustable. Positive- 
acting, single-stud or nozzle mounting. 
Operation to 550°F . Rating: 15 amps non- 
inductive at 115 VAC, 8.3 amps at 240 
VAC. Spade or screw terminals. Bulletin 
1000. 


TYPE A*. 


Semi-enciosed and hermetically sealed 
styles. Independent bimetal disc construc- 
tion for operation to 300°F . Non-inductive 
ratings: 15 amps at 120 VAC, 7'y amps at 
240 VAC. Bulletin 3500. 


TYPE SA*, 


[<= 


~ 
» 
_ 


Sai ustable or non-adjustable. Also type 

manual reset style. Snap-acting 
a electrically independent bimetal. Aliso 
single-pole, double-throw. Non-inductive- 
load — 15 amps at 115 VAC, 714 amps 
at 230 VAC. Spade or screw terininais; 
single-stud or nozzle mounting. Bulletin 


Positive-actiny, adjustable, for fry pans, 
skillets and other appliances. Fail-sale, 
open in low to 500°F in high. Rated at 1650 
watts at 115 VAC. Bulletin 10,000. 


TYPE 0". 


- 
? 


~~ 


Semi-enciosed a See 


For laundry dryers or other surface and 
styles. Electrically 


warm air an Automatic and man- 
disc type for collanns tek da 


ual reset t disc ULL. 
eopreved lor operation sation to MOF, Wtes oi plications from - Tmt to 
40 amps non-inductive at 120-240 VAG. a at 115 VAC, 4 


Open or enclosed styles. Bulletin 8000. 278 VOC. Virtually any 
letin 6000. 





